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 PREFACE
Studies concerning the water quality in Lakes Erie and Ontario were com—
pleted and submitted to the International Joint Commission in 1969. These
studies demonstrated that diffuse land drainage sources of pollutants were not
only significant, but also highly variable. They were, therefore, difficult
to measure. Subsequent improvements in wastewater treatment for point sources
of pollution magnified the relative importance of the land drainage sources of
many pollutants, necessitating a clearer definition of the impact of land use
activities, practices and programs on water quality in the Great Lakes.
Therefore, the governments of Canada and the United States, on signing the
1972 Great Lakes Water Quality Agreement, requested the International Joint
Commission to investigate pollution of the Great Lakes system from agri-
culture, silviculture and other land use activities. Specifically, the
Comnission was requested to report on the following questions:
(1) Are the boundary waters of the Great Lakes System being polluted by
land drainage (including ground and surface runoff and sediments)
from agriculture, forestry, urban and industrial land development,
recreational and park land development, utility and transportation
systems and natural sources?
(2) If the answer to the foregoing question is in the affirmative, to
what extent, by what causes, and in what localities is the pollution
taking place?
(3) If the Comnission should find that pollution of the character just
referred to is taking place, what remedial measures would, in its
judgment, be most practicable and what would be the probable cost
thereof?
The Commission was further requested to consider the adequacy of existing
programs and control measures, and the need for improvements relating to:
(a) inputs of nutrients, pest control products, sediments, and other
pollutants from the sources referred to above;
(b) land use;
(c) land fills, land dumping, and deep well disposal practices;
(d) confined livestock feeding operations and other animal husbandry
operations and
(e) pollution from other agricultural, forestry and land use sources.
In carrying out its study the Commission was also asked to identify
deficiencies in technology and reconmend actions for their correction.
In November 1972 the Commission appointed an International Reference Group
on Great Lakes Pollution from Land Use Activities (PLUARG), composed of nine
Canadian and nine United States representatives, to conduct the study under
the Great Lakes Water Quality Board.
Detailed plans for the study were developed early in 1973 and assignments
were made to both Canadian and American agencies and qualified individuals to
commence studies on specific tasks and programs within the PLUARG study. The
detailed plans were subsequently updated in 1976.
ii
The Study Plan emphasized four main tasks:
Task A To assess problems, management programs and research and to
attempt to set priorities in relation to the best information
now available on the effects of land use activities on water
quality in boundary waters of the Great Lakes.
Task B To inventory land use and land use practices, with emphasis on
certain trends and projections to 1980 and, if possible, to 2020.
Task C To study intensively a small number of representative water—
sheds, selected to permit some extrapolation of data to the
entire Great Lakes Basin and to relate contamination of water
quality, which may be found at river mouths on the Great Lakes,
to specific land uses and practices.
Task 0 To diagnose the degree of impairment of water quality in the
Great Lakes, including an assessment of concentrations of
contaminants in sediments, fish and other aquatic resources.
The Study involved five years of intensive surveys, data analysis,
interpretation and reporting. A final report entitled "Environmental
Management Strategy for the Great Lakes System" was presented to the
Comnission in July 1978.
This annotated bibliography describes all the PLUARG Technical Reports as
well as the major unpublished reports, background documentation,and detailed
data compilations prepared as part of the Reference Group's study. The
reports are listed according to Task A, B, C or D as set up under the detailed
study plan.
PLUARG report numbers are all prefaced by 22 IJC 769/PLUARG followed by
the year of the publication and the page number of the item in the
bibliography. The PLUARG numbers are located at the bottom right-hand corner
of the pages.
The Library at the Regional Office has copies of all the documents listed
in the bibliography and most may be borrowed on interlibrary loan. All the
published reports will eventually be available on microfiche and a limited
number of paper copies are still available from the IJC Great Lakes Regional
Office, 100 Ouellette Avenue, 8th Floor, Windsor, Ontario N9A 6T3 Canada.
A selection of thirty out-of—print documents is available on microfiche or
printed on request at the National Technical Information Service (NTIS),
Document Sales, U.S. Department of Commerce, Springfield, Virginia 22161.
NTIS accession numbers are printed at the bottom left-hand corner of relevant
pages.
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Sumnary
The
Canada—United
States
Agreement
on
Great
Lakes
Water
Quality
signed
at
Ottawa,
April
15,
1972,
by
the
President
of
the
United
States
and
the
Prime
Minister
of
Canada,
requested
the
International
Joint
Commission
to
conduct
a
study
of
pollution
of
the
boundary
waters
of
the
Great
Lakes
System
from
agricultural,
forestry
and
other
land
use
activities.
As
a
result,
an
intensive
inquiry
was
conducted
by
the
International
Reference
Group
on
Great
Lakes
Pollution
from
Land
Use
Activities
(PLUARG),
established
by
the
International
Joint
Commission.
Effective
strategies
at
the
international,
national
and
local
levels
must
be
developed
to
cope
with
pollution
from
land
use
activities,
since
it
transcends
jurisdictional
and
political
boundaries.
Flexible
management
systems
and
control
measures
capable
of
incremental
adjustments
in
response
to
a
changing
environment
will
be
required.
As
well,
questions
of
equity
must
be
taken
into
account
and
a
formula
arrived
at
for
the
reasonable
allocation
of
responsibility
between
governments,
institutions
and
individuals.
Above
all,
it
is
essential
to
recognize
that
the
management
of
nonpoint
sources
will
require
a
dramatic
departure
from
the
traditional
approach
followed
for
the
control
of
point
sources.
22 IJC 769
PB 296862/AS
PLUARG
78-001
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Summary
The
dat
a m
ana
gem
ent
bas
e d
eve
lop
ed
for
ove
rvi
ew
mod
ell
ing
and
the
mod
ell
ing
pro
ces
s i
tse
lf
have
con
tri
but
ed
to
PLU
ARG
's
goal
of
det
erm
ini
ng
the
rel
ati
ve
imp
ort
anc
e o
f a
ll
pol
lut
ant
sou
rce
s a
nd
in
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elo
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g p
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s
for
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m l
and
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Ove
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ew
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ing
pro
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a
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par
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t a
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nds
in
pol
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ant
inp
uts
to
the
lake
s,
as
well
as
a m
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odo
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y f
or
mea
sur
ing
the
eff
ect
ive
nes
s o
f
alt
ern
ati
ve
rem
edi
al
pro
gra
ms
app
lie
d t
o u
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oin
t,
rur
al
non
poi
nt
and municipal point sources.
In
the
upd
ate
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lut
ant
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tio
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e b
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for
Lak
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,
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m
the
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Bas
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hav
e b
een
exa
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ff
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Can
ada
Cen
tre
for
Inland Waters.
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 # Drynan, w.R. and M.J. Davis. Application of the Universal Soil Loss
Equation to the Estimation of Nonpoint Sources of Pollutant Loadings to
the Great Lakes. Submitted to the International Reference Group on Great
Lakes Pollution from Land Use Activities of the International Joint
Commission. Windsor, Ontario, July 1978, 102 pp.
 
Summary
This report describes the preliminary assessment of nonpoint sources
of pollutant loadings to the Great Lakes using a computer model developed
by the Midwest Research Institute (MRI) for the United States EPA, based
on the Universal Soil Loss Equation (USLE). This model was also used to
make a preliminary analysis of the feasibility of achieving costs. The
more comprehensive "overview model”, based on the unit area loads
developed from the PLUARG Task C pilot watershed studies and land
characteristics in the basin, was also developed to investigate
cost-effective alternative programs for specific watersheds. The details
of the latter model and its application are reported in another PLUARG
Technical Report - Management Information Base and Overview Modelling and
the PLUARG Final Report - Environmental Management Strategy for the Great
Lakes System.
ZZ IJC 769
PLUARG 78-003
Drynan, w.R. Relative Costs of Achieving Various Levels of Phosphorus
Control at Municipal Wastewater Treatment Plants in the Great Lakes
Basin. Technical Report to the International Reference Group on Great
Lakes Pollution from Land Use Activities of the International Joint
Commission. July 1978, 59 pp.
Summary
The International Joint Comnission suggested that a study be carried
out to determine the impact of phosphorus control programs on municipal
wastewater treatment, particularly with respect to sludge production and
attendant costs for treatment and disposal. At the same time, the
Research Advisory Board's Committee on Water and Wastewater Treatment was
given a referral from the Water Quality Board to determine the feasibility
of achieving concentrations of less than 1.0 mg/L "P" (total phosphorus)
and as low as 0.1 mg/L "P" in the municipal wastewater treatment plant
effluents. Consequently, this study was undertaken to evaluate, in as
rigorous a manner as practical, the implications of alternative
legislative restrictions on the allowable concentrations of phosphorus in
detergents, on the effluents of municipal wastewater treatment plants and
on the cost of building and operating these plants.
ZZ IJC 769
PLUARG 78-004
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at
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ph,
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rio,
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r 11
-12,
1973
. S
pons
ored
by t
he I
nter
nati
onal
Reference Group on Great Lakes Pollution fromLand Use Activities of the
International Joint Commission, J.D. Wiebe, ed., Windsor, Ontario, 1974,
248 pp.
Summary
This workshop was organized to draw upon the expertise and knowledge
of scientists from a variety of disciplines to provide PLUARG with expert
advice and assistance in refining its study plan. Included in the
sessions were: the fate of pesticides and fertilizers applied to land and
crop
s, p
ilot
wate
rshe
ds,
rive
r an
d gr
ound
wate
r tr
ansp
ort
phen
omen
a, w
aste
disposal on rural land and limnological processes in the Great Lakes.
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PLUARG 74-006
 Proceedings of the Sandusky River Basin Symposium Held at Tiffin, Ohio,
May 23, 1975. Cosponsored by Heidelberg College and Bowling Green State
Univer51ty. David 8. Baker, William B. Jackson and Bayliss L. Prater,
eds., 1975, 475 pp.
Sumnary
The Sandusky River Basin Symposium, held at Heidelberg College in
Tiffin, Ohio and jointly sponsored by Heidelberg College and Bowling Green
State University, brought together more than 150 persons engaged in
environmental research, monitoring and management, both in the Sandusky
Basin and surrounding areas. The program scope and the purpose of the
symposium indicated:
A considerable amount of ecological research and monitoring activity
is taking place within the Sandusky River and Bay areas. The
research ranges from studies of the geology, hydrology, and soils of
the basin and bay to measurements of the biological and chemical
characteristics of the river and bay. In this conference, the
individuals who are involved in the entire scope of the above
research efforts, as well as those involved with water quality
management within the basin, will present their research results and
current management practices.
The purpose of this conference is to provide an opportunity for the
scientists engaged in ecological research and those engaged in
management to exchange detailed information that will aid both in
future worka The conference should also provide useful information
to individuals working in other river basin studies and anyone
interested in the relationships between ecosystem research and river
basin management.
The symposium was successful in attaining many of these objectives,
and the diversity and detail of environment-related studies underway in
the Sandusky Basin and Bay areas was impressive. The historical
perspectives of this region, as brought forth in papers by Trautman,
Forsyth and Stuckey, created a useful foundation. The keynote address by
Cummins, extending stream ecosystem theory to larger rivers, had
significant impact on both ecosystem concepts and management application.
The contributions of personnel in governmental agencies provided an
ovErview of programs within which environmental planning and management
.a e D ace.
ZZ IJC 769
PLUARG 75-007
# Proceedings of a Workshop on the Fluvial Transport of Sediment-Associated
Nutrients and Contaminants Held in Kitchener, Ontario, October 20-22,
1976. Sponsored by theResearch Advisory Board of the International Joint
Commission on behalf of the Pollution fromLand Use Activities Reference
Group. H. Shear and A.E.P. Watson, eds., 1977, 309 pp.
Summary
Sponsored by the Research Advisory Board at PLUARG's request, this
workshop was held to synthesize current research and to identify research
needs on nutrient and contaminant transport by sediment within fluvial
systems. Clarification was sought on the interrelationships of source,
in-channel storage, resuspension and transport mechanisms with long-term,
seasonal and single-event flows. Also included is an examination of the
interaction of sediment and water chemistry on key nutrients and
contaminants.
Recommendations and research needs are given.
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TASK ‘A’ REPORTS
To assess probiems, management programs and research
and to attempt to set priorities in reiation to the
best information now availabie on the effects of iand
use activities on water quaiity in boundary waters of
the Great Lakes.
   

Internationai
Reference Group
on
Great
Lakes
Pollution
from
Land
Use
Activities.
Summary
Review
of
Poiiution
from
Land
Use
Activities.
Windsor,
Ontario,
Juiy 1975,
reprinted
September 1976,
66
pp.
 
Summary
This
report
sunmarizes
the findings
of
the
Canadian
and U.S.
Task
A
investigations
concerning
1and use/water
quaiity
reiationships
in the
Great Lakes Basin.
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PLUARG 75-009
 Activities Task Group A (U.S. Section).
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fr
om
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Use
Management Programs, Research and
 
Eff
ect
s
of
Pre
sen
t L
and
Use
Act
ivi
tie
s
on
Wat
er
Qua
iit
y o
f t
he
Gre
at
Lakes.
Sumnary
2 v
oTs
.
Win
dso
r,
Ont
ari
o,
Nov
emb
er
197
4,
105
2
pp.
Thi
s r
epo
rt
con
sis
ts
of
a s
tat
e-o
f—t
he-
art
ass
ess
men
t p
rep
are
d b
y
Task A (U.S.) for the foiiowing Tand use activities.
VoT. I
V01. II
PB 296873/AS
A1:
A2:
A3:
A4:
A5:
A6:
A7:
A8:
A9:
A10:
A11:
A12:
A13:
A14:
A15:
A16:
A17:
Residentiai areas
Commerciai and industriai areas
Transportation
Extractive areas
Pesticides and herbicides
Nutrients
Erosion and sedimentation
Animal wastes
Intensive animai feediots
Forestry
Recreation Tand
Undeveioped Tand
Liquid waste disposai
Soiid waste disposaT
Land fiiis (dredging activities)
Deepweii disposai
Management and controi of Tand use/water quaTity probiems
ZZ IJC 769
PLUARG 74-010
#Castrilli,
J.F.
and
A.J.
Dines.
Control
of
Water
Pollution
from
Land
Use
Activities
in
the
Great
Lakes
Basin:
An
Evaluation
of
Legislative
and
Administrative
Programs
in
Canada
and
the
United
States.
Windsor,
;
Ontario, March 1978, 109 pp.
Sumnary
This
report
presents
a
joint
summary
and
comparative
review
of
detailed
separate
studies
carried
out
in
Canada
and
in
the
United
States
of
legislative,
regulatory
and
administrative
programs
which
address
the
control
of
pollution
from
land
use
activities.
Principal
agencies
and
levels
of
government
with
roles
in
each
of
nine
land
use
categories
identified
by
PLUARG
are
discussed.
Comparative
observations
have
been
made
with
respect
to
the
effectiveness
of
programs
intended
to
prevent
water
pollution
from
land
use
activities.
Section
2
of
this
report
contains
a
discussion
of
each
land
use
activity.
The
first
part
of
each
of
these
land
use
discussions
presents
a
sunmary description
of
the
institutional
framework
relevant
to that
activity.
The
observations
which
constitute
the
second
part
of
each
are
evaluative
comments
based
on
the
background
studies.
Section
3 contains
a discussion
of several
policy
issues which
either
have
general
relevance
to
the
study,
though
not
to
any
one category,
or
have
special
importance
to
several
land
use
activities.
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#Castrilli,
J.F.
Control
of
Water
Pollution
from Land
Use Activities
in
the
Canadian Great
Lakes
Basin:
An
Evaluation
of
Legislative,
Regulatory
and
Administrative
Programs.
Submitted
to
PLUARG’Task
Group
A
(Canadian
Section}.
Windsor,
Ontario,
1977,
460
pp.
(A separate
document
containing
only
the
first
chapter
of
this
report
is also
available).
 
Summary
This
report
is
a study of
government
activity
with
respect
to
controlling water pollution fron nonpoint sources (or land uses)
in the
Canadian Great Lakes Basin.
It examines the legislation, regulations and
non-statutory programs which are being
(or which could be) used to control
this form of pollution.
It identifies the principal agencies and
government levels with roles in this area and offers an evaluation of
control efforts and policies to date.
Chapter One is an overview of the situation.
It briefly reviews the
technical/physical nature of the nonpoint pollution problem and provides a
summary analysis of the institutional arrangements available for
controlling the various land use impacts of water quality and resources.
Findings in this chapter are based on the more detailed institutional
review which is provided on a land use basis in Chapters Two through Ten.
 
Institutional mechanisms reviewed include planning, pollution control
and fiscal and proprietary/management schemes, both legislated and non-
legislated.
The role of the public is considered as well as key judicial
decisions affecting the nature and extent of legislation and its enforce-
ment in this general area. Voluntary/advisory programs and educative
initiatives are also noted.
- ZZ IJC 769
PB 296868/AS PLUARG 77-013
- number refers to lst chapter only
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# Skimin, William E., Elizabeth C. Powers and Eugene A. Jarecki. An
Evaluation of Alternatives and Costs for Nonpoint Source Controls in the
United States Great Lakes Basin. Technical Report of the International
Reference Group on Pollution from Land Use Activities of the International
Joint Commission. July 1978, 351 pp.
 
Summary
 
This report presents an evaluation of nonpoint source problems
affecting the Great Lakes and estimated costs for a range of remedial 1
control programs. The consideration of potential critical problem areas
was limited to the following:
1) urban areas k
- stormwater runoff and combined sewer overflows; {
— construction site runoff and l
— runoff controls for new development.
 
2) agricultural areas
— erosion and sedimentation and
- animal waste disposal.
3) on—site waste disposal.
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wat
er
qua
lit
y
of
cer
tai
n a
gri
cul
tur
al
act
ivi
tie
s
and
far
mer
s'
att
itu
des
con
cer
nin
g p
ol-
lut
ion
aba
tem
ent
iss
ues
.
In
add
iti
on,
far
mer
s
wer
e
ask
ed
abo
ut
the
ir
use
of
var
iou
s
con
ser
vat
ion
pra
cti
ces
and
the
fac
tor
s
whi
ch
pro
mpt
thi
s
conservation activity.
App
rox
ima
tel
y
900
far
mer
s w
ere
cho
sen
to
be
int
erv
iew
ed
usi
ng
a
str
ati
fie
d
are
a
sam
pli
ng
fra
me
to
ens
ure
rel
iab
le
rep
res
ent
ati
on
of
fa
rm
er
s
in
th
e
re
gi
on
.
Ha
lf
of
the
fa
rm
er
s
wer
e
in
te
rv
ie
we
d
in
pe
rs
on
,
nea
rly
40%
wer
e
con
tac
ted
by
tel
eph
one
and
the
res
t
cou
ld
not
be
con
tac
ted
or
ref
use
d
to
be
int
erv
iew
ed.
Res
ult
s
ref
lec
t
act
ivi
tie
s
and
opi
nio
ns
of
farmers in the U.S. Great Lakes Basin.
Analysis of survey results reveal:
1.
fie
ld
cro
ps
pro
vid
e
the
mai
n
inc
ome
for
abo
ut
hal
f o
f
the
far
mer
s
in
the
U.S
.
Gre
at
Lak
es
Bas
in;
mos
t
of
the
res
t
are
pri
nci
pal
ly
liv
est
ock
and
pou
ltr
y
far
mer
s;
abo
ut
5%
der
ive
mos
t
of
the
ir
inc
ome
fro
m
fru
its
and
veg
eta
ble
s.
Nea
rly
thr
ee
out
of
four farmers own some livestock or poultry;
2.
mor
e t
han
hal
f o
f t
he
far
mer
s i
n t
he
bas
in
rep
ort
gro
ss
ann
ual
sal
es
of
less
tha
n $
10,
000
.
Man
y o
f t
he
Gre
at
Lak
es
Bas
in
far
ms
may be small operations;
3.
eig
ht
out
of
ten
far
mer
s m
ent
ion
new
spa
per
s a
nd
mag
azi
nes
as
one
of
the
ir
sou
rce
s
of
inf
orm
ati
on
on
wat
er
pol
lut
ion
;
sev
en
out
of
ten identify radio or television;
4.
nea
rly
90%
of
the
far
mer
s i
n t
he
reg
ion
fol
low
som
e k
ind
of
con
ser
vat
ion
pra
cti
ce.
The
mot
iva
tin
g f
act
ors
are
soi
l
con
ser
vat
ion
and
inc
rea
sed
yie
ld
or
pro
duc
tio
n.
Hal
f o
f t
he
far
mer
s
sta
te
tha
t
the
y
are
fol
low
ing
a c
onS
erv
ati
on
pla
n;
abo
ut
50%
say
the
y
coo
per
ate
in
the
ir
loc
al
soi
l
con
ser
vat
ion
dis
tri
ct
and
5.
mos
t
far
mer
s
bel
iev
e
tha
t
no
rel
ati
ons
hip
exi
sts
bet
wee
n
far
m
fer
til
ize
rs/
pes
tic
ide
s,
man
ure
or
ero
ded
soi
l,
and
Gre
at
Lak
es
wat
er
qua
lit
y.
Onl
y 1
9%
are
of
the
opi
nio
n
tha
t m
anu
re
con
-
tri
but
es
to
pol
lut
ion
of
the
Gre
at
Lak
es;
32%
bel
iev
e
tha
t
fer
til
ize
rs
and
pes
tic
ide
s
use
d
in
far
min
g
are
pol
lut
ant
s
and
alm
ost
hal
f c
ons
ide
r e
rod
ed
soi
l a
con
tri
but
or
to
Gre
at
Lak
es
pollution.
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_# Bangay, Garth E. Agriculture and Water Pollution - An Assessment of the
Practices and Attitudes of Ontario Farmers. Submitted to the
: International Reference Group on Pollution from Land Use Activities of the
3 International Joint Commission. February 1979, 87 pp.
Sumnary
As part of the overall study of the Pollution from Land Use
Activities Reference Group, this survey was conducted to assist the
Reference Group in the formulation of remedial measure recommendations
which were presented to the International Joint Commission in July 1978.
The Reference Group, which was charged with the responsibility of studying
pollution of the Great Lakes from land use activities, had in the early
stages of the study identified urban and agricultural land use activities
as being of prime concern. Realizing that the successful implementation
of remedial measures, especially in agriculture, would to a large extent
rely on the voluntary cooperation of farmers, the Reference Group under-
took this survey to provide them with much needed information on the
agricultural community.
The survey was undertaken in the summer of 1977 and through the
selection of a stratified random sample of Ontario farmers, interviewers
were able to visit some 1755 farms and complete 1484 valid records. The
study concentrated on gathering information in three different areas. Two
of these dealt with specific problems associated with agriculture, erosion
and sedimentation and livestock manure, and the third was directed towards
the problem of implementing remedial measures.
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International Reference Group on Pollution from Land Use Activities.
Reports
of the
Canadian
Public
Consultation
Panels
to
the
Pollution from
Land Use Activities Reference Group.
Windsor,
Ontario, March 1978,
86 pp.
 
Sumnary
These reports were wholly written, reviewed and approved by
each of
the eight panels.
They are the result of a series of three meetings of
each panel held during the fall of 1977.
The reports reflect the hard
work, dedication and genuine concern of the panelists to meet their
Panelist Statement of Work, viz.
1)
to consider the Pollution From Land Use Activities Reference Group
reference, major associated issues and possible remedial measures;
2) to identify remedial action for PLUARG;
3) to attend three meetings;
4) to interact with group members and elicit responses;
5) to elect a chairman to conduct meetings and provide continuity;
6) to have access to all available reports and to PLUARG resource people;
7) to present to PLUARG by January 15, 1978 a written report stating
concerns, findings and the panel's recommendations on remedial
measures;
8 to evaluate the advisory panel process and
9 to have published the findings and recommendations stated in the
panel reports to PLUARG and to make this volume available for general
distribution.
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TASK ‘3’ REPORTS
To inventory land use and 1and use practices, with
emphasis on certain trends and projections to 1980
and, if possible, to 2020.
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Cry
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Ral
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Kei
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Min
e T
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ing
s D
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Dis
pos
al
Site
s,
Non
—Se
wer
ed
Res
ide
nti
al
Are
as
and
Lan
d F
ilT
'Si
tes
.
(Un
pub
lis
hed
).
Lan
d D
rai
nag
e R
efe
ren
ce
Stu
dy
Task
32,
Can
ada
Dep
art
men
t
of the Environment. Willowdale, Ontario, 1974, 182 pp.
Summary
Thi
s r
epor
t,
wit
h i
ts
acc
omp
any
ing
tab
les
and
maps
, d
eals
with
the
foll
owin
g pa
rts
of T
ask
32 S
tudy
Plan
of t
he L
and
Drai
nage
Refe
renc
e St
udy:
mine tailing disposal sites;
waste disposal sites;
non—sewered residential areas and
landfill sites.
4
)
9
)
N
i
l
—
-
v
v
v
v
It
des
cri
bes
the
sou
rce
s o
f d
ata
and
the
met
hod
s o
f d
ata
col
lec
tio
n
as
well
as
des
cri
bes
cer
tai
n g
aps
in
the
data
and
the
ir
suf
fic
ien
cy.
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Doneth, John. Materials Usage in the U.S. Great Lakes Basin. Submitted
 
to PLUARG Task Group B (U.S. Section) in cooperation with the Great Lakes
Basin Comnission. September 1975, 319 pp.
Summary
This report provides an up—to—date inventory of production and/or
usage within the United States portion of the Great Lakes Basin of certain
materials applied to the land which can potentially reach the Great Lakes
system through land drainage. The data on selected materials was
collected by county, planning subarea and lake drainage area, then
combined to represent the total U.S. Great Lakes Basin.
The study calculated the amounts of chemicals (herbicides,
insecticides, and fungicides) used on crops. The types and acreage of
various crops, pastures, vegetables and fruits were inventoried. The
common rates of application were then applied to the acreage providing the
calculations shown in this report.
The livestock manure produced was calculated. The amounts were based
on an inventory of swine, cattle, sheep, horses, chickens and turkeys.
The production in terms of nitrogen, phosphorus and potash were also
calculated.
The commercial fertilizer used on farms was based on actual reports
of use by state. Use by county was available for the corn belt states and
was calculated for the other states. The amounts of nitrogen, phosphorus
and potash in the fertilizer were likewise based on actual reports or
calculated.
The amounts of lime applied were calculated based on actual use
reports.
The salts (deicing compounds) applied to federal, state, county and
municipal highways were calculated based on actual use reports.
22 IJC 769
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 Gierman, David M. and Robert A. Ryerson. Land Use Information for the
Great Lakes Basin. (Unpublished). Submitted to the Pollution from Land
Use Fctiv1ties Reference Group, Technical Committee B. 1974, 584 pp.
 
Summary
The project reported here constitutes the Canadian Section of Task
Bl, Land Use Inventory, conducted as part of the PLUARG Task B. The
results of this project are presented in tables and maps which were
derived from an updated and expanded Canada Land Inventory.
The rationale of the land use classification is described first. The
four subsequent sections provide technical details on the methodologies
used to collect, compile, tabulate and finally map the data. The Tables
of Data on Land Use compiled in accordance with the guidelines laid down
by the Technical Comnittee of Task 8 are presented with the requested maps
at the end of the report.
ZZ IJC 769
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Activities. Land Use and Land Use Practices in the Great Lakes Basin,
Joi
nt
Sum
mar
y R
epo
rt
—’T
ask
B,
(Un
ite
d S
tat
es
and
Can
ada
).
Win
dso
r,
Ontario, September 1977, 45 pp.
Summary
This report sumnarizes the Inventory_of Land Use and Land Use
Practices in the Great Lakes Basin, including trends and projections to
1980, and to 2020, where appropriate.
 
Land uses are broken down for each lake basin as follows:
Area (Land and Water) Forest
Residential Outdoor Recreation
Commercial - Industrial Wetlands
Cropland Barren
Pasture Water (Inland)
In addition, eight specialized land use categories are discussed and
units quantified:
Mine Tailings Disposal Areas Lakeshore and Riverbank
Erosion
Liquid and Solid Waste Disposal Areas Intensive Livestock
Operations
Dredge Spoil Disposal High Density Non-sewered
Areas
Deepwell Disposal Recreational Lands
Annual materials usages are presented for:
Agricultural Pesticides Agricultural Manures
Conmercial Fertilizers Lime
Road Salt
For more detailed information one should refer to the reports
prepared for the United States part of the Great Lakes Basin in six
volumes and the five—volume Canadian counterpart. The land use inventory
and projections are to serve as the basis for extrapolating the data from
the pilot watershed studies to the entire Basin in order to quantify
loadings and identify and rank contributing areas and land uses.
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Great Lakes Basin Commission. Inventory of Land Use and Land Use
Practices in the United States Great Lakes Basin with Emphasis on Certain
Trends and Projections to 1980, and Where Appropniate, to 202G. 6 voTs.
PLUARG Task Group B (U.S. Section) Report. Windsor, Ontario, 1976.
v.1 Great Lakes Basin March 1976 146 pp.
v.2 Lake Superior Basin March 1976 214 pp.
v.3 Lake Michigan Basin Aprii 1976 408 pp.
v.4 Lake Huron Basin ApriT 1976 188 pp.
v.5 Lake Erie Basin May 1976 295 pp.
v.6 Lake Ontario Basin May 1976 226 pp.
Summary
This report describes and quantifies, as appropriate, the Great Lakes
Basin's geoiogy, soiTs, mineraTs, cTimate, surface and ground water,
vegetation, wdeTife, and economic and demographic characteristics. It
inventories avaiTabTe information on waste disposaT operations, Takeshore
and riverbank erosion, high-density non-sewered residentiai areas and
recreational Tand uses, as weTT as materiais appiication of agricuiturai
chemicais, fertiTizers, Time, animaT wastes and saTts on highways.
FinaTTy, future trendsand projections are shown for the above categories.
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Section). Windsor, Ontario, 1977.
v. 1 Canadian Great Lakes Basin Summary December 1977 125 pp.
v. 2 Canadian Lake Superior Basin December 1977 55 pp.
v. 3 Canadian Lake Huron Basin December 1977 93 pp.
v. 4 Canadian Lake Erie Basin December 1977 75 pp.
v. 5 Canadian Lake Ontario Basin December 1977 85 pp.
Summary
The reports describe and quantify, as appropriate, the Canadian Great
Lakes Basin's geoiogy, soils, minerais, ciimate, surface and ground water,
vegetation, wiidiife, and economic and demographic characteristics. They
inventory avaiTabie information on waste disposai operations, Takeshore
and riverbank erosion, high-density nonsewered residentia] areas and
recreational Tand uses, as well as materiais appiication of agricuiturai
chemicais, fertiiizers, animaT wastes and saTts on highways. Finaiiy,
future trends and projections are shown for the above categories.
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Monteith, Timothy J. and Eugene A. Jarecki.
Land Cover Analysis for the
United States Great Lakes Watersheds.
Submitted to PLUARG Task Group B.
Windsor, Ontario, May 1978, 53 pp.
 
Summary
A critical element in the Pollution from Land Use Activities Refer-
ence Group Study for the International Joint Commission is an up-to-date
inventory of land use.
Such an inventory was compiled for the U.S. Basin
in 1973 and 1974 under Task 8 of PLUARG.
The land use compilation was
accomplished under contract with the United States Environmental Pro—
tection Agency by the Laboratory for Applications of Remote Sensing (LARS)
of Purdue University, using LANDSAT I satellite data.
The LARS work was
carried out on a county basis with emphasis on urban, agricultural and
silvicultural uses.
The LARS wOrk was a state-of-the-art pioneering effort using
satellite data on a large scale.
While it offered a significant
advancement in the technology, problems were left unsolved, particularly
in defining urban areas.
The results of this work are presented in the
six-volume Inventory of Land Use and Land Use Practices (see p. TB-7).
As the PLUARG study developed, new needs arose in the area of land
use inventories. A particular need was a land use or land cover analysis
by watershed.
For the overview modelling effort in particular, a
subwatershed land cover inventory was essential.
In the spring of 1977 it was recognized that a land cover analysis by
watershed was needed and'that it was needed quickly. As the direction of
the Reference Group developed so too did the technology for the utiliza—
tion of LANDSAT satellite data. The computer technology and operator
expertise had improved tremendously from the very first efforts made in
the early 1970's. It was then decided by members of PLUARG Task 8 to seek
good land cover estimates on a.watershed basis.
The information presented herein is the result of this land cover
analysis on a watershed basis. It must be recognized that this infor-
mation was compiled using a more recent data base and a greatly advanced
technology from that presented in the PLUARG Task B reports. Wherever
possible the information presented here should be used in lieu of that
presented in the Task 8 reports entitled The Inventory of Land Use and
Land Use Practices. A detailed description of the methodology used here
is presented in the Appendix, Land Coveruglassification, by Thomas F.
Westcott and Robert 0. Breault.
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 Sudar, A. The Social and Economic Implications of Eutrophication in the
Canadian Great Lakes Basin. (Unpublished draft). Submitted to PLUARG
Task Group B. January 1978, 29 pp.
Summary
Eutrophication is neither altogether good nor altogether bad. The
various human uses of Great Lakes water have different tolerances for the
side
-eff
ects
of e
utro
phic
atio
n (e
xces
sive
alga
e an
d aq
uati
c pl
ants
).
In
the case of algae on shore properties, the tolerance is very low;
reductions in property values occur with even slight amounts of algae
present.
Water-oriented recreation also has a relatively low tolerance for
eutrophication because its manifestations are so obvious to the human
senses.
Indu
stri
al
and
powe
r us
ers
have
reso
lved
one
of t
heir
prob
lems
by t
he
use of submerged intake pipes, but others may have to be resolved in the
future.
Alth
ough
Onta
rio
Mini
stry
of t
he E
nvir
onme
nt o
ffic
ials
insi
st t
hat
no
matt
er h
ow e
utro
phic
the
lake
s be
come
the
wate
r ca
n st
ill
be m
ade
pota
ble,
ther
e mu
st b
e a
limi
t be
yond
whic
h t
reat
ment
is i
mpra
ctic
al,
if n
ot
imp
oss
ibl
e.
And
tho
ugh
mor
e r
ese
arc
h i
s n
eed
ed
to
det
erm
ine
wha
t t
his
lim
it
mig
ht
be,
the
con
seq
uen
ces
of
rea
chi
ng
it w
oul
d c
ert
ain
ly
be
disastrous.
The
rep
ort
als
o c
ons
ide
rs
the
fac
t t
hat
pho
sph
oru
s m
ove
s e
asi
ly
fro
m
lan
d t
o w
ate
r,
but
the
re
is
no
nat
ura
l m
ech
ani
sm
whe
reb
y i
t c
an
be
ret
urn
ed
to
the
lan
d.
Bef
ore
the
Gre
at
Lak
es
Bas
in
was
set
tle
d a
nd
urb
ani
zed
, t
her
e w
as
lit
tle
mov
eme
nt
of
nut
rie
nts
fro
m l
and
to
wat
er
and
the
sys
tem
was
in
equ
ili
bri
um.
Now,
pho
sph
ate
fer
til
ize
r i
s i
mpo
rte
d t
o
rep
lac
e w
hat
is
lost
to
the
lake
s,
but
a f
ini
te
sup
ply
of
pho
sph
oru
s m
ake
s
this a temporary solution.
The
pri
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Muir, T. Commerciai-Industriai Land Use Proiections. (Unpubiished).
 
Submitted to PLUARG Task 8-5 Land Use Forecasts.
Sumnary
January 1976, 11 pp.
For the purpose of this project, the commerciai-industria] sector was
defined as aii economic activity in the Great Lakes Basin, excluding
agriculture, forestry, fisheries and mining. The
study are as foiiows:
estimates derived in the
COMMERCIAL-INDUSTRIAL LAND USE PROJECTIONS
(ACRES)
BASIN 1980 2000 2020
1 6,361 8,177 10,005
2 272 350 422
3 954 1,230 1,457
3,123 4,179 5,521
5 6,805 8,903 11,157
6 5,542 7,257 9,459
7 3,354 4,475 5,755
8 29,870 39,280 51,212
9 23,844 33,067 44,056
10 120,141 158,351 206,097
11 16,178 20,979 26,790
ZZ IJC 769
PLUARG 76-029
 Urban Land Use Forecasts. (Unpublished). Prepared for PLUARG
Sudar, A.
May 1976, 46 pp.
Task B-S-Land Use Forecasts.
Summary
Urban land use studies are inevitably bogged down by the problems of
data availability and boundary definition. A search for time series land
use data in the Great Lakes Basin showed that available land use data are
incomplete at any time and incompatible between surveys either of the same
city at different times or of different cities. Variations in measurement
technique, classifications and urban area further reduce the usefulness of
these scattered data.
Consequently, the urban land use forecasts in this report are based
on a cross-sectional analysis of the relationship between urban population
and urban area. They are basically unconstrained, assuming that no more
effective planning than exists and that the economy will continue to be
the major determinant of the urbanization process.
Two different methodologies were used. The first is the constant
land consumption rate method which is based on the assumption that any
increments of urban population will occupy as much space per person as the
current urban population. The second approach is the allometric method
which assumes that as population increases, urban area also increases, but
at a slower rate, reflecting a higher density and more intense use of land
in larger cities. Finally, a preferred forecast is presented which
combines the best attributes of both methods and is called the declining
land consumption rate forecast.
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Overview and Methodology.
July 1975, 25 pp.
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Coieman, D. E. Ontario Recreation: A Forecast to 2020. (Unpubiished).
Submitted to PLUARG Task Group 8—5. December 1976, 23 pp.
Sumnary
This report discusses recreation as it relates to land use. In
particuiar, the trends in consumer expenditure on recreation are examined
as an indicator of the future magnitude of recreationai invoivement. The
author found that there is a trend toward more participation in recrea-
tionai activities and use of recreationai faciiities such that the
expenditure on recreational goods and services is iikeiy to increase
eigh
t-fo
ld b
y 20
20.
Howe
ver,
gaps
in t
he k
nowi
edge
base
prev
ent
accu
rate
caicuiation of iand areas associated with the increase. It has been
estimated that 50% of the increase in recreationai spending wiii be on
acquiring 1and. Additionai detaiied investigations wiii be necessary to
determine accurateiy the nature of the reiationship between recreationai
demand and recreationai iand required.
22 IJC 769
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 Sudar, A. and P. Deutscher. Land Use Change in the Canadian Great Lakes
Basin, 1971—2020. (Unpublished). Prepared for PLUARG Task Group 8-5 Land
Use Forecasts. May 1976, 46 pp.
Summary
This paper reconciles and integrates the urban, agricultural and
recreational forecasts which were done independently as parts of the
Pollution from Land Use Reference Group (PLUARG) Task 8—5. The first
section presents the methodology by which the land use forecasts were
consolidated and the changes in land use identified. The second section
describes land use in four alternative futures. The alternative futures
are based on land use policy options and on divergent paths of
agricultural productivity.
Two major types of land use change will be considered:
1) rural to urban and
2) shifts among the non urban uses (agriculture, woodland and
recreation).
The first type of change is most critical from a planning perspective
because it is irreversible. Once land has been converted to urban use,
all other options are closed. The general pattern is that farmers are
replaced by land speculators, developers, home builders and urban
homeowners, in that order.
Land use exchanges are largely restricted to the non-urban uses. For
example, in Toronto urban fringe approximates land shifted from extractive
to scrub woodland and from scrub woodland to extractive. Similar
exchanges and shifts occur between the agricultural subclasses (improved
and unimproved farmland) and back and forth between agriculture and
woodland.
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TASK 'C’ REPORTS
To study intensiveiy a smaii number of representative
watersheds, seiected to permit some extrapoiation of
data to the entire Great Lakes Basin and to reiate
contamination of water quaiity, which may be found at
river mouths on the Great Lakes, to specific 1and
uses and practices.
  
 
# Chesters, G. et_al. Pilot Watershed Studies Summary Report. Windsor,
Ontario. June 1978, 78 pp.
Summary
One of the four principal tasks of PLUARG, Task C was to determine
the characteristics and locations of diffuse sources of pollutants in the
Great Lakes Basin and to assess their relative significance. A further
objective was to quantify the processes involved in transmission of J
pollutants from these sources to the boundary waters. The Technical ‘
Committee appointed by PLUARG to meet Task C objectives planned and ,
supervised eight "pilot watershed" programs, each of which included l
intensive water quality monitoring and a great variety of source evalu— ﬂ
ation and process studies. The Task C report incorporates major findings h
of these studies and is structured to provide: a) a description of land t
uses in the pilot watersheds and in the Great Lakes Basin, b) a rationale
for the choice of parameters receiving greatest emphasis, c) an evaluation
of unit area loadings for individual land uses in the pilot watersheds, d)
an extrapolation of unit area loads to the watersheds of each lake, e) a
ranking of hazardous land uses for different parameters, f) a discussion
of information and factors useful in designing alternative remedial x
strategies and 9) future research, monitoring and demonstration needs. 3
 
Additional special studies were carried out by Task C investigators g
and provided information on private waste disposal systems, sanitary j
landfills, stream-bank erosion and other diffuse sources of pollutants. ;
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Ontario. January 1978, 48 pp.
Sumnary
FELTON-HERRON CREEK
The general conclusions to be drawn from this study are that:
(l) the type of crop selected is important in management of land
irrigation systems for the prevention of NOB—N losses.
a) annuals such as corn do not take up much nitrogen during the
early part of the growing season. Such crops, therefore, should
be irrigated at rates that will just replace
evapotranspirational.
b) perennial grasses are the most effective vegetation at removing
nitrogen from wastewater.
c) legumes such as alfalfa are about as effective as perennial
grasses at nitrogen removal;
(2) soils are effective at phosphorus sorption so that phosphorus
concentrations of water leaching past the root zone on irrigated
sites approach background levels;
(3) runoff from spray sites should be avoided and
(4) mature beech-sugar maple forests are not efficient at removal of
nitrogen from wastewater. Such mature forests should not be used for
wastewater renovation.
MILL CREEK
Persistent compounds such as the chlorinated hydrocarbons are
apparently being transported to the lakes despite their lack of use for
several years in the watershed. Transport of these compounds are tied
closely with the movement of suspended sediment, thus it would seem that
measures to control sediment movement would also control the movement of
chlorinated hydrocarbons.
Atrazine and guthion do appear in Mill Creek, but their significance
as a problem in the Great Lakes is unclear at this time. Misuse and
accidents with pesticides can be expected no matter how strict a set of
regulations is enforced. The only safeguard is to ban the manufacture and
use of formulations that could cause long-term problems in the event of a
single accidental introduction.
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 Burton, Thomas M. and Thomas G. Bahr. The Felton-Herron Creek, Mill Creek
Pilot Watershed Studies, Final Report.
Submitted to PLUARG Task Group C.
Chicago, Illinois. June 1978, 213 pp.
 
Sunmary
Two land uses, fruit orchard farming and land application of
municipal wastewater irrigation, were studied to assess the sources, forms
and amount of pollutants that are transported from these areas to the
boundary waters of the Great Lakes. The primary concern of the Mill Creek
study was the movement of pesticides from fruit orchards, while that of
the wastewater irrigation study (Felton-Herron Creek study) was the
transport of nutrients.
Analyses were conducted for fifty-seven different pesticides on both
suspended sediment and sediment dissolved in water in the Mill Creek
study. Of the eight pesticides found in appreciable quantities, the major
forms exported were the chlorinated hydrocarbons, although they have not
been used for several years. Most of the pesticides were transported on
suspended solids. The pesticides lost in order of amount lost were DDT,
DDE, atrazine, dieldrin, DDD, simazine, aldrin and guthion. Most pesti-
cides lost were associated with past farming practices, e.g. DDT, DDE and
DDD or corn cultivation in the watershed, e.g. atrazine with guthion being
the only major pesticide associated with fruit orchard farming lost from
the watershed. It was lost in only very small amounts.
The Felton—Herron Creek study demonstrated that improper management
of land application systems for recycling municipal wastewater can lead to'
appreciable loading of streams with all the major nutrients, especially
nitrogen. Proper management of such systems will control these losses.
Perennial crops and old field systems are efficient at the uptake of both
nitrogen and phosphorus throughout the growing season and offer excellent“
wastewater renovationpotential. Annual crops such as corn are not effi-
cient at nitrogen uptake during the early growth phase (first five to
seven weeks). After that, they too are efficient. Lake successional
forests are not efficient at nitrogen uptake and losses to groundwater or
runoff often approach input amounts.
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Hetling, L.J. §t_al. Genesee River Pilot Watershed Study, Summary Pilot
Watershed Repo t. Submitted to PLUARG Task Group C. Windsor, Ontario.
March 1978, 73 pp.
Summary
The Genesee River was monitored for stream flow and a variety of
water quality parameters under a program sponsored by PLUARG Task C. An
integrated sampling program was operated from March 1975 through June
1977. Twenty-eight stations covered the spectrum of land use, soil type
and geologic development found in the watershed. Pollutants studied in
detail were total phosphorus, suspended solids and chloride.
Results of the study suggest that water quality is not entirely
dependent on land use; soil type, geology and geomorphology also have a
strong influence on the amounts and forms of various pollutants trans-
ported by surface waters. The intensely—farmed areas in the central and
northern portions of the watershed lie on calcareous soils. These areas
contribute higher unit loads of phosphorus, chloride and suspended solids
than does the remainder of the watershed. Areas of cultivated muck land
produce elevated phosphorus unit loads, and excessive chloride production
is identified with those regions having extensive salt mining operations.
Variations in river loading indicate that urban land is relatively
more productive than agricultural land for the parameters studied.
Forested land is the least productive. A portion of urban impact is
associated with pdint source discharges particularly with respect to
chloride and phosphorus. Suspended solids, as an urban point source, have
little impact. Large chloride point sources are storm water runoff and
phosphorus is contributed from municipal wastewater.
Transport of the pollutants is variable within reaches and over the
watershed. Conservative dissolved constituents tend to be transported
undiminished, while particulate and reactive materials may be subject to
substantial processing. The nature of the system, however, makes it
difficult to identify specific delivery ratios, though there is a dis-
placement in transport time of particulate material. Depending on flow
and specific reach, the displacement varies in time from days to months.
Generalized results are transferable, but the variability found in-
dicates that specific numerical results are unique to an area. Unless a
watershed with similar land use practices, soil types and geology can be
identified, the results cannot be transferred. This limits extrapolation
to very small areas where specific numerical results can be transferred or
very large areas where generalized qualitative results are sufficient.
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Summary
The Menomonee River watershed has been instrumented to allow main-
stem and tributary monitoring at fifteen locations. Furthermore, three of
these and seven other study sites have been delineated permitting collec-
tion and analysis of drainage water from areas of predominantly one land
use. An overland flow model (LANDRUN) has been developed, calibrated and
verified for three subwatersheds in the Menomonee River Basin. Detailed
land use inventories (Southeastern Wisconsin Regional Planning Commission
- SEWRPC) are available for 1970 and 1975 allowing a capability for exam-
ining the impact of changing land use patterns on pollutional loadings. A
prediction of land use changes planned to the year 2000 will be used to
expand the time frame for the interpretation of changing land use patterns
as they affect Great Lakes pollution. The land use inventory allows
mapping in forty-two land use categories but these have been consolidated
into thirteen categories for the PLUARG investigation.
The importance of the Menomonee River watershed data in meeting the
goals of PLUARG are discussed and the extent to which Menomonee River
watershed information and methodology is transferable to other sectors of
the Great Lakes Basin is realistically evaluated.
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Logan, Terry J. Maumee River Basin Pilot Watershed Study, Summary Pilot
 
Watershed Report. Submitted to PLUARG Task Group C (U.S. Section).
Windsor, Ontario. April 1978, 96 pp.
Summary
The results of this study produced a number of important findings
about pollution from land use in the Maumee River Basin and reemphasized
what we already knew:
1.
0
1
the basin is made up of fine-textured soils of high natural fertility
which produce sediment during runoff in relation to their slope,
internal drainage and susceptibility to sediment transport;
most of the basin is in intensive row crop agriculture where, for the
most part, the soils are fall-plowed and bare from November to June;
much of the agricultural land is drained by subsurface tile or
surface drains and served by a vast network of man-made or modified
ditches;
the period of active sediment transport is in late winter or early
=spring and the severity of erosion and sediment transport is
determined by soil moisture and snow melt conditions during the
initial thaw;
phosphorus is the major pollutant from the Maumee River Basin and the
high phosphate content of suspended sediments reflects the high
phosphorus levels in basin soils and the enrichment of phosphorus in
sediment due to clay enrichment during transport and adsorption of
soluble phosphorus in the stream and
levels of pesticides and trace metals in the Maumee River were low
and reflect background levels in basin soils and n0rmal metal
contributions from groundwater.
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 Logan, Terry J. and Robert C. Stiefe]. Maumee River Basin Piiot Watershed
Study, Fina] Report. 2 voIs. Submitted to PLUARG Task Group C. March
1979, 300 pp.
Summary
In Vqume I of this report, Watershed Characteristics and PoTIutant
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Great Lakes Program Office
U.S. EnvironmentaI Protection Agency
Region V
536 S. CTark Street, Room 932
Chicago, ITIinois 60605
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Hore, R.C. and R.C. Ostry. Grand River, Ontario, Summary Pilot Watershed
 
Report. Submitted to PLUARG Task Group C. Windsor, Ontario. April 1978,
PP-
Sumnary
The major sources of pollution in the predominantly agricultural
Grand River Basin have been identified from the Task C studies.
Urban metals, organic chemicals,
bacteria, phosphorus
Point-sources metals, organic chemicals,
phosphorus, nitrogen
Transportation lead, chloride
Private-water Disposal phosphorus
Agriculture sediment, phosphorus,
nitrogen
Water-quality monitoring data collected under the PLUARG program
during the period 1975-1976 in the Grand River watershed suggest that
progressive pollution of the Grand River is occurring from the headwaters
to its mouth at Lake Erie. The headwater areas are relatively clean.
Pollutant loads increase consistently downstream in the central and lower
regions of the watershed, reflecting the impacts of both the intensive
agricultural activity and urban sprawl on the water quality of the
receiving waters in these portions of the watershed.
Extrapolation of the pilot watershed data to unmonitored areas in the
Great Lakes Basin is possible, provided the characteristics of the un-
monitored areas are similar to those in the pilot watershed. In terms of
extrapolation to other parts of the Great Lakes Basin, the critical
diffuse sources of pollutant contribution have been identified as being
agriculture and urban land uses and practices. Based on the Grand River
watershed information, the most cost—effective remedial measures to
moderate non—point sources of pollution in the Great Lakes Basin will be
those that control pollutant runoff from agriculture and urban areas.
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 # Hore, R.C. and R.C. Ostry. Saugeen River, Ontario, Summary Pilot
Watershed Report. Submitted to PLUARG Task Group C. Windsor, Ontario. n
April 1978, 56 pp.
Sunmary
Water quality data collected under the PLUARG program during the
period 1975-1976 indicate that while variations across the Saugeen River
Basin are not dramatic, they broadly reflect increased agricultural
activity in the lower reaches of the basin. Streams draining the
headwater reaches which are mainly in swamp, non-productive woodland and
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Ontario Ministry of the Environment. Water Quality Data Collected for the
Pollution from Land Use Activities Reference Group (PLUARG) Study 1975,
1976 and 1977. Submitted to PLUARG Task Group C. 1978, 500 pp.
Sunmary
The Ontario Ministry of the Environment developed a monitoring
network in support of the PLUARG study. In addition to the monitoring
sites for the specific land uses in support of Task C activities, main
stem monitoring sites were also established at existing streamflow
stations.
Samples were analyzed for some or all of the following parameters:
counts of total and fecal coliforms, enterococci and background count;
concentrations of suspended solids, total phosphorus, filtered reactive
phosphate, total dissolved phosphorus, total Kjeldahl nitrogen, filtered
(nitrate + nitrite) nitrogen, filtered ammonia nitrogen; levels of con-
ductivity and turbidity; concentrations of total carbon, total inorganic
carbon, total organic carbon, filtered organic carbon, filtered chloride,
filtered alkalinity, filtered sulphate, filtered reactive silicate,
filtered calcium, filtered magnesium, filtered potassium and filtered
sodium; units of pH; concentrations of phenols, total zinc, total lead,
total cadmium, total copper, total iron, total nickel, total chromium,
total mercury and total arsenic. Limited available information on
manganese, selenium, pesticides and PCB's can be obtained from the
Ministry‘s Water Resources Branch offices in Toronto.
A basic annual summary, i.e. the number of samples and average con-
centrations is presented for each monitoring station. In addition to a
verbal station location description, the Universal Transverse Mercator
Grid (UTM) is provided along with a hydrologic (Storet-type) coding system.
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 Agriculture Canada, Ontario Ministry of Agriculture and Food and Ontario
Ministry of the Environment. Agricultural Watershed Studies, Great Lakes
 
Drainage Basin, Canada; Final SUmmary Report. Submitted to PLUARG Task
Group C (Canadian Section) Activity 1. Windsor, Ontario. May 1978, 78 pp.
 
Summary
This report contains the results obtained by all of the projects
conducted within the Canadian PLUARG Task C Agricultural Watershed study..
The approach is presented along with summaries and discussion of data, and
possible remedial measures for all the major water quality parameters are
investigated. Extrapolation to unmonitored areas and remedial measures
alternatives are discussed for total phosphorus and sediment.
The Agricultural Watershed Studies consisted of investigations into
the relationships between agricultural land and water quality in the Great
Lakes Basin. Monitoring of water quality and quantity at eleven small
watersheds, representative of major agricultural regions of the Canadian
Great Lakes Basin, was carried out for two years. Detailed studies on
sediment, nutrients and heavy metals were carried out in some of the
watersheds. All watersheds were characterized in detail.
In terms of the water quality parameters of greatest concern to
PLUARG - total phosphorus and sediment - the higher the degree of in-
tensive cultivation and/or the greater the area of fine-textured soils,
the greater were the unit-area loads. These watershed characteristics
accounted for most of the differences observed in the loads of total
phosphorus and sediment among the study watersheds.
Consideration was given to remedial measures programs to reduce the
contributions of pollutants from agricultural activities. Although
several possible measures were identified, it is emphasized that localized
variations in pollution sources, soil properties and landscapes, Cropping
systems and active pollutant-contributing areas make general application
of remedial measures impracticable.
Monitoring and detailed studies were also carried out to determine
the role of agricultural land as a source of other water quality
parameters. It was concluded that applications of fertilizer and manure,
and livestock operations adjacent to streams were contributing manure to
the observed levels of the dissolved fractions of phosphorus (ortho-P) and
nitrogen (N02 + N03) in streams.
It was determined that agricultural activities were not influencing
the quantities of heavy metals in streams, other than by way of increases
in stream sediment loads, which resulted in increases in those fractions
of the metal loads that were naturally associated with the sediment.
Other observed non-agricultural influences on water quality in the
agricultural watersheds were: the contribution of rural housing to
dissolved phosphorus levels; the presence in streams of herbicides from
spraying of highway rights—of-way and the almost constant presence of the
industrial organic toxicant PCB, believed to be primarily the result of
atmospheric depositon.
ZZ IJC 769
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# Sanderson, M. Agricultural Watershed Studies, Great Lakes Drainage
Basin. Precipitation - Quantity and Quality. Submitted to PLUARG Task
Group C (Canadian Section) Activity 1. Windsor, Ontario. September 1977,
137 pp.
 
Summary
The objective of this part of the research was to provide accurate
hourly values of precipitation during the course of the PLUARG study on
the ten watersheds AG 1, 3, 4, 5, 6, 7, 10, 11, 13, 14.
For the first year of the PLUARG record, June 1975 to May 1976,
precipitation was above average for most stations. AG 3, however, had
slightly below average precipitation and AG 11 had average precipitation
amounts. For the second year of record, June 1976 to May 1977, precipi-
tation was everywhere below average for the gauged watersheds in southern
Ontario. Most stations recorded approximately 80% of the average
precipitation.
The precipitation charts for each station were also analyzed to
provide information on the number of days with precipitation, heavy
prec
ipit
atio
n da
ys a
nd m
axim
um p
reci
pita
tion
in t
hree
hour
s, t
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Frank, R. et al. Stream Flow Quality—Pesticides in Eleven Agricultural
Watersheds in Southern Ontario, Canada, 1974-1977. Submitted to PLUARG
 
Task Group C (Canadian Section) Activity T. Windsor, Ontario. 1978,
174 pp.
Summary
This project was designed to measure concentrations of pesticides in
stream water leaving each of the eleven agricultural watersheds and to
calculate actual amounts of pesticides leaving stream waters. These
findings would then be correlated with the detailed information on
pesticide use in the watersheds collected under Project 5, Land Use
Activities, to determine unit area loadings.
Eleven watersheds were chosen for examination of water quality, each
being selected because it resembled a unique but larger area of Ontario
where agriculture was practised. These agricultural watersheds include
those where the use of pesticides ranged from intensive to extensive and
included the use of specific pesticides or groups of pesticides.
Twenty-six organic compounds were identified in stream water of which
eighteen were parent compounds and eight were isomers and metabolites.
The incidence of these contaminants in water varied from occasional to
frequent.
ZZ IJC 769
PLUARG 78-052
Frank, R. and 8.0. RipTey. Land Use Activities in ETeven AgricuTturaT
Watersheds in Southern Ontario, Canada. 1975-1976. Prepared for PLUARG,
Task Group C (Canadian Section) Activity I. Windsor, Ontario. March
1977, 176 pp.
 
Summary
In this the final report of Project 5, Activity 1, Task C eleven
mini—agricultural watersheds were surveyed by questionnaire to determine
various Tand use parameters. Ten were surveyed in 1975 whereas AG—S was
surveyed in 1976. These seiected watersheds were typicai of Targer areas
in Ontario with respect to soil type, topography and agricuTturaT activity.
The selected mini-watersheds were Tocated in southern Ontario on ten
Targer watersheds draining into the Great Lakes: three drained into Lake
Huron (AusabTe River, Maitiand River and Saugeen River), one drained into
Lake St. Ciair (Thames River), three drained into Lake Erie (Big Creek,
Grand River and Hiiiman Creek) and three drained into Lake Ontario (Humber
River, SheTter VaTTey Creek and Twenty Mile Creek).
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Cameron,
D.R. gt
g1.
Nitrogen
Movement
in
Tile-Drained
Clay
and
Sandy
Agricultural
Watersheds.
Submitted
to
PLUARG
Task
Group
C (Canadian
Section)
Activity
1,
Project
13.
Windsor,
Ontario.
October
1977,
97 pp.
Summary
Two
small
watersheds were
selected
in
southern
Ontario
near
Leamington,
and nitrogen
additions
and
losses
under different
cropping
and
fertilizing
practices
were
monitored
during
the 1974
to
April
1977
period.
Average stream N03—N concentr1iiv2; wu-a 4.9 i 3.2 mg/L for
the sandy watershed AG-13 where vegetable and tobacco production were the
predominant crops. Average stream NOS-N concentrations were 3.6 i 4.2
mg/L for the tile-drained clay watershed AG-Ol where corn and soybean
production dominated.
Average dissolved NHk-N concentrations were
0.34 i 0.43 mg/L for AG-13 and 0.21 i 0.31 for AG—Ol.
Average
total
Kjeldahl
nitrogen
concentrations
were
similar;
1.4
+ 1.0 mg/L
for
both
AG-13 and AG-Ol. _
Estimated average annual total nitrogen losses were 29 and 22 kg N/ha
for AG-13 and AG-Ol, respectively, of which dissolved nitrogen accounted
;
for 87% and 64% of the total nitrogen losses, respectively.
Approximately
i
60% of the dissolved nitrogen losses occurred during February-March at
4
which time 70% of the annual runoff occurred.
The higher losses from the
a
sandy watershed AG-13 are believed to be a reflection of greater
if
fertilizer input and greater annual runoff.
Remedial measures which might help improve the conservation of nitro-
gen and reduce pollution from agricultural land include: careful use of
soluble nitrogen fertilizers to meet crop needs only, deletion of the
application of fall—applied nitrogen, encouragement of rotations that do
not require high rates of fertilizer-nitrogen addition, encouragement of
field cover crops to reduce leaching and establishment of grass or non-row
crop buffer zones next to streams or where runoff is a problem.
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Kowalenko, G.C. Nitrogen Transformation Processes in Agricultural
Watershed Soils. Submitted to PLUARG Task Group C (Canadian Section)
Activity 1, Project 11. Windsor, Ontario. April 1978, 98 pp.
Summary
Soils were characterized with respect to the rates of biological
processes important to nitrogen leaching considerations. Nitrification was
shown to be a relatively fast process which was related to temperature and
moisture content conditions. A regression equation including these envi-
ronmental factors was derived for several groups of soils, depending
largely on textural differences.
Mineralization was particularly influenced by environmental factors
(temperature and moisture content) when soil (%C, %N, pH, etc.) and
environmental factors were considered. An estimate of the amount of
nitrogen produced by mineralization under field conditions suggested
considerable nitrogen was released, depending on the soil type.
Incorporation of plant residues alters the mineralization—immobilization
pattern in soils considerably and is dependent on the content of the plant
material. Organic amendments must be considered in the long term for
nitrogen considerations because of changing mineralization-immobilization
relationships.
Denitrification can progress very quickly if warm anaerobic conditions
are met. The rates suggest that short but quantitatively large bursts of
denitrification may be important in N03 losses and these may occur
during or immediately after rains.
Asymbiotic nitrogen fixation does not appear to be an important source
of nitrogen in these soils.
Mineralization and denitrification appear to be two key processes to
consider in addition to soil nitrogen leaching.
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stream transport of nitrogen.
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 Spires, A. and M.H. MiTTer. Contribution of Phosphorus from AgricuTturaT
Land to Streams by Surface Runoff. Submitted to PLUARG Task Group C
(Canadian Section) Activity 1, Project 18. Windsor, Ontario. February
1978, 101 pp.
Summary
The objective of this project was to deveTop a capacity for pre-
diction of the amount of phosphorus carried to streams by surface runoff
from agricuTturaT cropTand in Ontario.
The project has succeeded in deveToping reTationships for estimation
of totaT phOSphorus concentration in surface soiTs in Ontario and for
prediction of the phosphorus enrichment ratio. However, it has not been
as successfuT in predicting the sediment Toad, the third parameter re-
quired for'estimating the contribution of phosphorus. The difficuTty in
predicting the sediment Toad is due to difficuTty in estimating the
sediment deTivery ratio.
ATthough sediment-associated phosphorus Toss coqu be estimated, it
was not possibTe to deveTop a reTationship to predict dissoTved phosphorus
concentrations in runoff.
The study has improved our understanding of the processes invoTved in
phosphorus Toss from cropTand and its transport to stream. ATthough the
deveTopment of the predictive capacity has not been fuTTy reaTized, the
understanding obtained wiTT greatTy assist in interpretation and extension
of the monitoring data from the AgricuTturaT Watersheds Study.
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 # Beak Consultants Ltd. Effects of Livestock Activity on Surface Water a
quality, Final Report. Submitted to PLUARG Task Group C (Canadian
,
1
Section) Activity 1, Project 20. Windsor, Ontario. November 1977, ’
109 pp.
 
Summary ;
The objective of this study is to evaluate the losses of nutrients
and bacteria to surface water due to the effects of livestock activities
in the Little Ausable River Sub-Basin (Watershed AG-3).
With respect to the export of nutrients and bacteria from different
sub-basins or due to different livestock management factors, the following
conclusions are made:
1) the annual export rate is 0.48 Kg P/ha/yr, 57 Kg N/ha/yr and 1.4
cfs/mi2 of water;
2) for phosphorus, BEAK estimates that the export from non-livestock
areas, i.e. controls is 0.33 Kg P/ha/yr. Export from livestock areas
vary fromthis rate up to 2.3 Kg P/ha/yr;
 
3) differences in export of nutrients cannot be attributed to type of
livestock operations;
4) differences in phosphorus export between farms and bacterial
contamination are attributable to specific physical and management
factors;
5) compared with many large sized feedlots,.all livestock operations in
AG—3 are small to moderately sized (<500 individua“~ﬂ)peration). .
For this scale of operation, phosphorus export appears to be linked
more to the management of an agricultural operation rather than to
the type and density of livestock;
6) with respect to seasonal effects, the greatest part of phosphorus
export occurs during the spring period from March 1 to May 31;
7) with respect to forms of nutrients, surface water stations export 60
to 85% of the total phosphorus as dissolved phosphorus; the greatest
part of this is soluble reactive phosphorus. Tile drains export 80
to 100% of its phosphorus in the dissolved form all of which is
soluble reactive phosphorus;
8) values for chemical parameters pH, conductivity, hardness and
alkalinity are typical of a moderately hard water and
9) the geometric mean (i) of total coliforms ranges from 290 to 52000
per 100 ML, (ii) of fecal coliforms ranges from 9 to 8100/100ML, and
(iii) fecal streptococci ranges from 5 to 1100/100ML for all stations.
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Patni, N.K. and F.R. Hore. Pollutant Iransport to subsurface and burrace
Waters in an Integrated Farm Operation. PLUARG Special Study No. 22.
February 1978, 79 pp.
 
Sunmary
A study was conducted at the Greenbelt Farm of the Animal Research
Institute of Agriculture Canada to determine pollutant transport to
subsurface and surface waters in an integrated farm operation involving
large—scale livestock operations.
The objectives of the study were:
1) to determine if subsurface pollutant transport in a small field could
be extrapolated to a large field, other conditions such as manuring,
cropping practice, soil characteristics, etc. being the same for both
fields;
2) to determine the difference in pollutant transport in tile drainage 3
water under a largely coarse-textured soil compared with a l
fine-textured soil under similar conditions of manuring and cropping
practice and
3) to determine pollutant transport to surface water in a 594 ha
drainage area under a closely controlled cropping operation.
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 # Gaynor, J.D. Sources of Nutrients and Metals in Hillman Creek. Submitted
to PLUARG Task Group C (Canadian Sectionl. April 1978, 66 pp.
 
Summary
This study was initiated to quantify inputs of suspended solids, l
nutrients, soluble cations and metals in five subwatersheds of Hillman 9
Creek; to relate the quantitative information for these inputs to land use
in the subwatersheds and to present remedial measures which would reduce
the magnitude of these inputs where necessary.
Two land uses, i.e. predominantly rural housing and agriculture were
selected by the location of five sampling sites on the west branch of the i
Hillman Creek. The monitoring at these sites occurred from April 4, 1975
to March 10, 1976. The concentrations of the various parameters and
discharges were determined periodically throughout the year and during
rain and snow—melt events. Stream load and annual subwatershed loss were
calculated from the concentration and discharge data at each site and ;
statistical comparisons were made to determine significant inputs 3
attributable to the land use.
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Whitby, L.M. gt al.
Sources, Storage and Transport of Heavy Metals in
Agricultural
NatEFSheds.
Submitted to PLUARG Task C (Canadian Section)
Activity 1. 1978, 142 pp.
Summary
The objective of this project was to determine and assess the
relationship between concentrations of selected heavy metals in stream
water, suspended sediments, bottom sediments and soils within selected
agricultural watersheds, with the aim of elucidating storage and transport
mechanisms for trace elements.
Soil profile samples of the major soil types of each of the six
agricultural watersheds were obtained for nutrient and trace metal
analysis. Analyses of total metal concentrations (As, Cd, Cr, Cu, Hg, Mn,
Ni, Pb, Se, Zn, Al and Fe) and DTPA extractable metals (Cd, Cu, Ni, Pb and
Zn), as well as total carbon, organic carbon, total nitrogen, total phos-
5
phorus and pH were performed. To demonstrate field variability and the
i
effectiveness of our sampling system, six replicate soil samples were
taken within the same soil pit for most sites. In addition, four soil
v
pits within the same soil type separated by at least one mile were sampled
i
in one watershed. The replicate soils were analyzed for total
concentrations of Cr, Cu, Mn, Ni, Pb, Zb, Al, Fe, C and N. Composites of
the A horizons fromeach major soil of each watershed were used for the
extraction of HA's and FA's. Ultimate analyses, functional group
analyses, chemical degradation and identification of products were
performed on each sample.
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Wall, G.J., L.J.P. van Vliet and w.T. Dickinson. Contribution of
Sediments to the Great Lakes from Agricultural Activities in Ontario.
Sibmitted to PLUARG Task Group C (Canadian Section? Activity 1. April
1978, 4 pp.
Summary
This report summarizes the results of a three-year study conducted in
the Canadian Great Lakes Basin to ascertain the nature and extent to which
agricultural land use contributes to the sediment load of the Great Lakes.
Localized variations in pollutant sources, soil properties and land-
scapes, sediment contributing areas and cropping systems make generali-
zations about remedial sediment control programs impossible. Erosion and
transport of sediments from agricultural land is a site-specific problem
requiring the implementation of site-specific remedial measures on the
active contributing areas.
All estimates and observations in this report are based on one to two
years of field data. The limited time base of the study should be con—
sidered in any application of the data.
22 IJC 769
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 Wall, G.J., L.J.P. van Vliet and W.T. Dickinson. Soil Erosion from
Agricultural Land in the Canadian Great Lakes Basin. Task Group C
(Canadian Section) Activity 1, Projects 16 and 17. March 1978, 166 pp.
Summary
This report describes the results of several integrated projects
(Project 16: Erosional Losses from Agricultural Land and Project 17:
Sediment Delivery Ratios in Small Agricultural Watersheds, and Sediment
Integration Aspects) designed to further our understanding of the sources
and magnitude of fluvial sediment derived from agricultural lands and
delivered to the Canadian Great Lakes. Agricultural regions with high
potential sheet erosion losses were intensively farmed with high
percentages of row crops (beans, corn, horticultural crops). Rainfall-
induced soil erosion losses showed considerable year to year variations
and are not equally distributed throughout any given year. Winter soil
erosion losses associated with snowmelt events can account for up to 25%
of the total annual soil loss.
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#
M. Ihnat. Agricultural Sources, Transport and Storage of Metals: Copper,
Zinc, Cadmium and Lead Levels in Waters of Selected Southern Ontario
 
Agricultural Watersheds. Submitted to PLUARG Task C (Canadian Section)
 
Project QB Teéhnical Report. Ottawa, Ontario. November 1978, 156 pp.
Summary
The objective of Project 9 was to determine and assess the rela-
tionship between concentrations of selected heavy metals in stream waters,
suspended sediments, bottom sediments and soils within selected agri—
cultural watersheds draining into the lower Great Lakes, with the aim of
elucidating sources, storage and transport mechanisms of these elements.
In support of these goals, the main objective of the investigation was to
obtain reliable analytical information regarding concentrations of Cu, Zn,
Cd and Pb in waters and suspended sediments from the six watersheds: AG 1
(Big Creek), AG 3 (Upper Little Ausable River), AG 4 (Canagagigue), AG 5
(Holiday Creek, tributary of Middle Thames River), AG 10 (North Creek,
tributary of Twenty Mile Creek) and AG 13 (west branch of Hillman Creek).
22 IJC 769
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 Coote, D.R. and F.R. Hore. Poiiution Potentiai of Cattie Feediots and
Manure Storages in the Canadian Great Lakes Basin. Submitted to PLUARG
 
Task Group C (Canadian Section) Project 21. Windsor, Ontario. August
1978, 131 pp.
Summary
This report covers the period from the fail of 1973 to the summer of
1977, during which time a variety of research and monitoring activities
were taking piace under the auspices of the IJC Poiiution from Land Use
Studies. Two distinct studies were undertaken on the topic of the env-
ironmentai impact of feediots and manure storages. They were carried out
consecutively: the first was concerned with surface water; the second
with groundwater. The reports of these two stadies are presented in this
voiume as two separate sections.
This report presents the resuits of a two-year study of runoff
quality and quantity from two beef feediots and two manure storage areas
in southern Ontario. One of the feediots was paved, while the other had '
an unpaved soil surface. One of the manure storages heid soiid (with
bedding) manure, the other heid semiusoiid manure. Both were paved.
The study permitted the estimation of the poiiutant ioadings that
feediots and manure storages may yieid in runoff. Data coiiected in an
eariier air-photo survey of Tivestock operations in the Canadian Lower
Great Lakes Basin were used to estimate the impact of runoff from feediots
and manure storages in the basin. It was conciuded that the contribution
of Totai Phosphorus from Tivestock operations probabiy faiis between 0.5%
and 13% of the totai Great Lakes Basin ioadings of this poiiutant now
coming from agricuiturai areas.
22 IJC 769
PLUARG 78-072
—# Coote, D.R. and R. DeHaan. Agricultural Watersheds Overview Data Analysis
and Extrapolation. Submitted to PLUARG Task Group C (Canadian Section)
Activity 1, Project 18. December 1978, 79 pp.
 
Summary
‘ There has been a persistent gap between the two most generally
available forms of information on the effects of agriculture on water
quality. These two forms of information are the results of small scale
"pilot" studies and large scale river basin or lake loading analyses. The
former are usually limited in terms of variability of soil, management and
climatic conditions; the latter generally fail to distinguish between even
distinctly different types of agricultural environments. The results of
this study help to bridge the gap between these different approaches.
The role of soil particle size as a major influence on total
, phosphorus, organic nitrogen, zinc and atrazine loadings from agricultural
land has been clearly indicated.
The influence of source material availability on stream loadings of
the more water soluble contaminants in streams is evidenced by the
loadings of soluble ortho-phosphorus and nitrate nitrogen which can be
accounted for to a considerable degree by the inputs (fertilizer and
manure) of phosphorus and nitrogen, respectively.
The results indicate that some materials, such as PCB and copper, are
essentially unrelated to any aspect of agriculture. Control or reductions
should not be expected through any remedial programs applied to agricul-
tural activities.
 
Prediction equations based on statistical regressions of stream
loadings on physical and management characteristics of the watersheds
appear to be feasible for some water quality parameters such as total and
soluble ortho-phosphorus, total nitrogen and nitrate (plus nitrite)
nitrogen. Attempts to extrapolate regression equations for sediment
(suspended solids) appear less satisfactory. For most other parameters,
the extrapolation of regression equations would appear unreliable, though
the occurrence of pesticides which are fairly specific to certain crops
may be extrapolated by considering the distribution of the appropriate
crops.
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Whiteley, H.R. and S.R. Ghate. Hydrological Model Project - Agricultural
Watershed Studies. Submitted to PLUARG Task Group C (Canadian Section)
Project 1.15. March 1978, 100 pp.
Summary
A storm-event watershed model named the GAWSER (Guelph Agricultural
Watershed Storm-Event Runoff) has been developed and a user's manual has
been produced for it. The model produces stream flow rate hydrographs
from rainfall and/or snowmelt intensity inputs. Two components of storm
runoff are computed by the model. These are surface (overland) runoff and
subsurface storm runoff. Flow in drainage tiles is included in, and is
likely a major part of, subsurface storm runoff.
ZZ IJC 769
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# Veska, Eric. Geochemistry and Hydrogeology of Agricultural Watershed No.
10, and Their Influence on the Chemical Composition of Water and Sediments.
Smeitted to PLUARG Task Group C (Canadian Section) Activity 1, Project 23.
Windsor, Ontario. August 1977, 119 pp.
Summary
The objective of this study was to examine the distribution of twenty
elements in bottom and suspended sediments, and stream and well waters in
Watershed No. 10, tributary of the Twenty Mile Creek on top of the Niagara
Escarpment, Ontario. It was hoped that this study would determine the
sources and causes for contaminants in surface and ground waters. These
contaminants can often be correlated with soils, topography, geology or to
some form of land use in relation to man's activities.
The trace element distribution patterns from 240 bottom sediment
sampling sites performed during the months of June and July 1976 for the
preliminary geochemical survey indicated that the north central sector of
the North Creek Watershed is an area of high metal content.
A spring at the anomaly site seems to issue mainly from a dolomitic-
shale bedrock source due to its characteristic water quality. The pecu-
liar water chemistry was apparently derived from oxidation of sulphide
minerals and dissolution of gypsum crystals present in the underlying,
mineralized bedrock.
Q
A chemical and textural study of the lithology of the well core
sediments and bedrock drilled adjacent to the anomalous site revealed the
migration path of the groundwater flow with respect to the selective
mobility of certain elements in this secondary environment.
 
Thermodynamic evaluation of the ion speciation of the major chemical
constituents from the anomalous spring and surface waters showed gypsum to
be supersaturated in these anomalous spring waters. Downstream from the
spring, the loss of the spring's carbon dioxide in attaining equilibrium
with the atmospheric carbon dioxide resulted in the surface waters being
supersaturated with respect to the carbonate minerals, such as calcite,
aragonite, magnesite and dolomite.
Downstream from the spring, the minor constituents, such as the heavy
metals, are co-precipitated with CaCos, complexed with the sulphate
radical and other inorganic ligands and form aquo metal complexes. Time-
wise, the relative heavy metal concentrations in these anomalous surface
waters showed direct relationships with respect to precipitation and the
surface water discharge of the North Creek waters.
This briefly summarized the origin and the geochemical history of the
abnormality of the high metal values. The source of these high heavy
metals are derived naturally from the dissolution of the bedrock mineral
deposits, thus contaminating the groUndwater discharge in the North Creek
waters. The contribution of man's activities as a source of heavy metal
contamination in these natural waters appearedto be negligible, since the
implication of atmospheric pollution was proven to be minute.
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 # Knap, Katherine M. and William F. Mildner.
Great Lakes Basin.
Streambank Erosion in the
Submitted to PLUARG Task Group C. June 1978, 29 pp.
 
CONCLUSIONS
Joint Statements
1.
The amount of sediment produced from streambank erosion can vary
from basin to basin, season to season and year to year. It is
also noted that the total amount of material eroded is not large
when viewed on a global or continental scale.
When viewed relative to other sources of sediment, bank erosion
does not appear to be a major contributor, accounting for l to
10% of the load in the U.S. study watersheds and 2 to 32% in the
Canadian basin.
Total phosphorus is the most important chemical contributed from
bank erosion. An estimated 426,000 kg of phosphorus are added
to the Great Lakes each year from eroding banks.
While downstream sections of rivers were not specifically
included in the Canadian study watersheds they were in U.S.
study basins. There seem to be no reasons why loading rates on
these areas should be higher or lower than other areas.
In the Canadian basins several other conclusions have been reached:
1.
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# Mildner, William F. Streambank Erosion in the United States Portion of the
Great Lakes Basin. Submitted to PLUARG Task C (U.S. Section) Activity 6.
Windsor, Ontario. January 1978, 45 pp.
Su
mm
ar
y
1
This study was carried out on the Maumee River Basin. The concept
used was to examine a 2% sample of the watershed. Sample areas 160 acres
in size selected on a random basis were examined and the data expanded to
the watershed. The field crew worked 1,182 hours and travelled 12,630
miles to visit 597 sample sites.
A worksheet was designed to provide a record of items of interest
regarding streambank erosion and arranged in a manner to facilitate
keypunching operations. Since this was a streambank erosion study, items
on eroding bank height, length and average annual bank recession were
included. It was thought that adjacent land use and soil series might
correlate with eroding banks so columns were included on the worksheet for
this information. Since an important part of the study was to recommend a
program of treatment, columns were included for present and needed
treatment. It was also thought that there might be some correlation
between the absence of fencing adjacent to the streambank and bank erosion
so this item was also included on the worksheet.
Each individual of the field crew was given the necessary maps to
locate the sample areas and to identify the soil series. They were also
given instructions for completing the worksheet and definitions of the
terms to be used in the study.
On a volume basis, riverbank erosion is a minor portion of the
sediment yield and chemical contribution to the Great Lakes.
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O‘Neill, J.E. Pollution from Urban Land Use in the Grand and Saugeen
 
Watersheds. PLUARG Task Group C (Canadian Section) Activity 3. January
I979, 55 pp.
Summary
Under the IJC—PLUARG program, seven urban study areas in the Grand
River and Saugeen River pilot watersheds were studied between 1974 and
1977, namely Kitchener - Waterloo — Cambridge, Schneider Creek, Montgomery
Creek, Guelph, New Hamburg, Durham and Allan Park. The pollutants
identified in runoff from these urban areas were: total phosphorus, metals
(lead, copper, chromium), chloride, organic chemicals and bacteria. The
poll
utan
t pr
oble
ms w
ere
grea
test
(in
term
s of
unit
—are
a lo
ads)
in t
he m
ost
urbanized areas at the Schneider Creek, Montgomery Creek, Kitchener -
Waterloo - Cambridge and Guelph sites. No significant pollutant
cont
ribu
tion
s we
re m
easu
red
in t
he l
east
urba
nize
d a
reas
at N
ew H
ambu
rg,
Durham and Allan Park.
The
main
sour
ces
of p
ollu
tion
in u
rban
area
s ap
pear
to b
e re
side
ntia
l
and commercial land and industrial point sources. A major pathway by
whi
ch
pol
lut
ant
s e
nte
r r
ece
ivi
ng
wat
ers
in
urb
an
are
as
is
tho
ugh
t t
o b
e
the wash—off of accumulations of airborne-derived contaminants from
impervious surfaces. Residential and industrial construction sites, where
the vegetative cover has been removed, and areas where on-site protection
measures have not been undertaken appear to be sources of greatly
increased sediment and sediment-associated pollutant loads.
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 #
Avad
hanu
Ta,
M. R
ao.
Poil
utio
n fr
om R
uraT
, Tr
ansp
orta
tion
, Ex
trac
tive
and
Undisturbed Land Uses in the Grand and Saugeen Watersheds. Submitted to
PLU
ARG
Tas
k G
rou
p C
(Ca
nad
ian
Sec
tio
n)
Act
ivi
tie
s 3
and
4.
Mar
ch
1979
,
60 pp.
Summary
The effects of land drainage from ruraT Tand use, transportation
cor
rid
ors
, e
xtr
act
ive
ope
rat
ion
s a
nd
und
ist
urb
ed
(und
er
per
enn
iaT
veg
eta
tiv
e c
over
) a
reas
on
the
rec
eiv
ing
wat
er
qua
iit
y i
n t
he
Gra
nd
Riv
er
and
Sau
gee
n R
ive
r p
i10
t w
ate
rsh
eds
(On
tar
io)
were
inv
est
iga
ted
as
par
t o
f
the
Tas
k C
act
ivi
tie
s u
nde
r t
he
Poi
iut
ion
fro
m L
and
Use
Ref
ere
nce
Gro
up
(PLU
ARG)
of
the
Int
ern
ati
ona
i J
oin
t C
omm
iss
ion
.
Wat
er-
qua
Tit
y a
nd
wat
er-
qua
nti
ty
dat
a w
ere
coi
iec
ted
dur
ing
197
5 a
nd
197
6 f
rom:
eig
ht
rura
T
wat
ers
hed
s:
ups
tre
am
and
dow
nst
rea
m o
f a
maj
or
hig
hwa
y c
orr
ido
r,
a s
and
and
grav
ei
pit,
a T
ime
sto
ne
qua
rry
and
fro
m t
wo
reT
ati
veT
y u
ndi
stu
rbe
d
(wo
ode
d/i
dle
) l
and
area
s i
n t
he
Gra
nd
Riv
er
and
Sau
gee
n R
ive
r p
iTo
t
wat
ers
hed
s.
Bas
ed
on
the
ana
iys
is
of
the
dat
a o
ver
a t
wo—
yea
r p
eri
od
(19
75-
197
6),
the
maj
or
sour
ces
of
poi
Tut
ant
s f
rom
the
se
dif
fer
ent
land
uses have been tentativeTy identified.
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Chan, H.T. Contamination of the Great Lakes by Private Wastes. Submitted
 
to PLUARG Task Group C (Canadian Section) Parts 1 and 2, Activity 3.
December 1978, 269 pp.
Summary
This study consisted of two parts:
(1) fier investigations of some
existing private waste disposaT systems and (2) estimation of poTTutant
Toadings from systems in watersheds adjacent to the Great Lakes.
The objectives of the fier investigations were: to study the
quaTity of the ground water adjacent to private waste disposaT systems, to
estimate the attenuation of chemicaT poTTutants by various soiTs, and on
the basis of the findings obtained in the fier, to review the guideTines
set by the Ontario Ministry of the Environment pertaining to the design
and construction of septic tank—tiTe fier systems.
It was found that the attenuation of phosphorus by soiTs was usuaTTy
exceTTent (>90%), the 3%.onuation of nitrogen was good (about 80%) and
the attenuations of sodium and potassium were moderate (about 50%).
GeneraTTy, the guideiines pertaining to the design and construction of
septic tank-tile fieid systems were found to be adequate.
The approach used in Part II was to coTTect data on the existing
private waste disposai systems (PWDS) which may contribute poTTutants to
the Canadian portion of Lakes Ontario, Erie, Huron and Superior. The
maximum potentiaT poTTutant Toads from the PWDS were first caTcuTated to
obtain an estimate of the upper Timit of potentiaT Toading. These
caicuiations were performed for twenty-four watersheds in southern
Ontario. The resuTts for these watersheds were then summed to derive the
totaT poTTutant Toading estimates to the Great Lakes in southern Ontario.
For the Great Lakes bordering northern Ontario, the Toading computations
were performed on an individuaT county basis.
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 Int
ern
ati
ona
l R
efe
ren
ce
Gro
up
on
Gre
at
Lak
es
Pol
lut
ion
fro
m L
and
Use
Act
ivi
tie
s.
Qua
lit
y C
ont
rol
Han
dbo
ok
for
Pil
ot
Wat
ers
hed
Stud
ies
.
Win
dso
r,
Ont
ari
o.
197
5,
rev
ise
d
Jun
e 1
976
,
Mar
ch
197
7,
49
pp.
Summary
Thi
s h
and
boo
k
is
int
end
ed
to
giv
e
inv
est
iga
tor
s a
sso
cia
ted
wit
h T
ask
Gro
up
C s
tud
ies
und
er
PLU
ARG
the
gui
del
ine
s f
or
qua
lit
y c
ont
rol
.
The
se
gui
del
ine
s w
ill
ens
ure
tha
t t
he
con
clu
sio
ns
of
the
var
iou
s
inv
est
iga
tor
s,
and
hen
ce
the
sum
mar
ies
dev
elo
ped
, a
re
bas
ed
upon
com
par
abl
e d
ata.
In
add
iti
on,
the
pro
gra
m w
ill
aid
inv
est
iga
tor
s i
n a
sce
rta
ini
ng
whe
the
r t
hei
r
nee
ds
for
pre
cis
ion
and
acc
ura
cy
are
bei
ng
met
and
wil
l c
ont
rib
ute
to
ove
ral
l
pro
fic
ien
cy
by
pro
vid
ing
opp
ort
uni
tie
s
For
sci
ent
ist
s t
o d
isc
uss
solutions to common problems.
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 Dube, D. et al. Data Quality Assurance for Watershed and Land Use
 
Studies. _Windsor, Ontario. 1978, 33 pp.
Summary
To ensure adequate quality control within its studies, PLUARG in-
vestigators took a number of actions. They developed a quality control
handbook that described the necessary protocol to determine if sampling,
sample handling, and sample analysis produced data of the necessary in-
tegrity to support specific study conclusions. In addition, they called
for remedial actions when a laboratory was found to perform inadequately.
Subsequently, to meet the sample quality control requirement a
quality assurance program was instituted. It was comprised of inter-
laboratory analytical performance tests, blind replicate precision tests
and the documentation of analytical methods and intralaboratory quality
control procedures.
Fifteen interlaboratory analytical performance studies were conducted
for nutrients, demand, minerals, metals and pesticides in water and for
metals, nutrients and pesticides in sediments. In addition, similar
ancillary studies were carried out by several Canadian laboratories.
Several hundred blind field replicate samples were taken and analyzed.
Data from these replicates were reviewed by principal investigators and
staff of the IJC Great Lakes Regional Office. Each participating labo—
ratory produced descriptions of its analytical methods and "in-house"
quality control procedures. All data and documentation derived from the
program were assembled by and are archived at the Regional Office. Almost
all laboratories generated analytical data which were suitably compatible
with other laboratories. The larger laboratories that generated the bulk
of the data uniformly demonstrated the best compatibility. Most
laboratories consistently demonstrated adequate recoveries on reference
and spike materials in samples, and when a difficulty was found, remedial
action was taken. The analyses of the blind field replicate samples
demonstrated that sampling and analytical integrity had been adequately
maintained to provide useful data for PLUARG studies. From all the
various studies in the Quality Assurance Program, only two laboratories
demonstrated analytical difficulties much of the time. Appropriate steps
were taken to ensure that the findings from the studies supported by these
laboratories did not affect the conclusions of the Task C Work Group.
The Quality Assurance Program was able to demonstrate that overall
laboratories were able to produce analytical data which were adequate for
the PLUARG Task C Watershed Studies. The program was successful in
removing identified analytical difficulties in all but two laboratories.
Appropriate steps were taken to ensure that data derived from the two
laboratories did not affect the conclusions of the Task C Work Group. The
program established that sampling procedures, sample handling and analyses
were in control by use of field sample replicates (unidentified to the
laboratory). Only 5% of the replicate results were not within acceptable
ranges.
The program confirmed that laboratories producing the most data for
the Watershed Studies also produced the most compatible data.
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Onn, Dennis. Point Source Studies. (Unpubiished). Submitted to PLUARG
Task Group C (Canadian Section) Activity 4. November 1976, 3 pp.
 
Summary
The purpose of this study is to measure the magnitude and
significance of materiai inputs from municipai sewage treatment piant
effluent and industriai sources entering the surface watercourse either
directiy or via the urban storm-sewer system.
ZZ IJC 769
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 Bod
o,
B.
Lo
ad
in
gs
and
Pa
ra
me
te
r-
Fl
ow
Re
la
ti
on
sh
ip
s.
(U
np
ub
li
sh
ed
).
 
Sub
mit
ted
to
PLU
ARG
Tas
k
Gro
up
C
(Ca
nad
ian
Sec
tio
n)
Act
ivi
tie
s
1,
3
and 4. 1976, 27 pp.
Summary /
The
pur
pos
e
of
thi
s
stu
dy
is
to
est
ima
te
qua
nti
tat
ive
ly
the
pol
lut
ant
inp
ut
int
o
the
Gre
at
Lak
es
sys
tem
and
to
rel
ate
the
se
est
ima
tes
to
the
va
ri
ou
s
la
nd
—us
e
pr
ac
ti
ce
s
be
in
g
ex
am
in
ed
un
de
r
PL
UA
RG
Tas
k
C
stu
die
s.
The
se
est
ima
tes
are
ult
ima
tel
y
int
end
ed
to
pro
vid
e
a b
asi
s
for
bas
in-
wid
e
extrapolation of flux estimates.
The
rel
ati
ons
hip
s
bet
wee
n
par
ame
ter
con
cen
tra
tio
ns
and
str
eam
flo
w,
as
wel
l
as
pa
ra
me
te
r
ma
ss
flu
x
co
mp
ut
at
io
ns
at
ap
pr
ox
im
at
el
y
th
ir
ty
PL
UA
RG
sit
es
sel
ect
ed
fro
m
amo
ng
the
Gra
nd,
Sau
gee
n
and
agr
icu
ltu
ral
wat
ers
hed
s
for
the
yea
r
197
5
hav
e
bee
n
sum
mar
ize
d.
Rel
ati
ons
hip
s
bet
wee
n
con
cen
-
tr
at
io
n
and
fl
ow
hav
e
be
en
gr
ou
pe
d
int
o
th
re
e
ge
ne
ra
l
ca
te
go
ri
es
.
Nut
rie
nts
,
met
als
and
gen
era
lly
the
par
tic
ula
te—
ass
oci
ate
d
par
ame
ter
s
ten
d
tow
ard
s
pos
iti
ve
rel
ati
ons
hip
s
in
whi
ch
con
cen
tra
tio
n
inc
rea
ses
as
Flo
w
inc
rea
ses
.
The
"mi
ner
al"
(so
diu
m,
sul
pha
te,
chl
ori
de,
mag
nes
ium
,
etc
.)
par
ame
ter
s
con
sis
ten
tly
exh
ibi
t
the
opp
osi
te
tre
nd
to
hav
e
any
con
sis
ten
t
rel
ati
ons
hip
s
wit
h
flo
w.
Var
yin
g
deg
ree
s
of
sca
tte
r
cha
rac
ter
ize
mos
t
relationships which were investigated.
Loa
din
g e
sti
mat
es
sug
ges
t
tha
t m
ark
ed
inc
rea
ses
in
the
rat
es
of
co
nt
am
in
an
t
fl
ux
oc
cu
r
fr
om
up
st
re
am
to
do
wn
st
re
am
si
te
s
on
th
e
Gr
an
d
Riv
er.
Si
gn
if
ic
an
t
in
cr
ea
se
s
in
po
ll
ut
an
t
loa
ds
are
ob
se
rv
ed
be
lo
w
the
ur
ba
n
co
mp
le
x
of
Ki
tc
he
ne
r-
Wa
te
rl
oo
,
Gu
el
ph
and
Ca
mb
ri
dg
e.
Th
es
e
po
ll
ut
an
t
le
vel
s
are
su
st
ai
ne
d
be
lo
w
the
ur
ba
n
co
mp
le
x
do
wn
to
the
mo
ut
h
of
the
Gra
nd
Riv
er,
sug
ges
tin
g
tha
t
agr
icu
ltu
ral
act
ivi
ty
is
als
o
a m
ajo
r
pol
lut
ant
con
tri
but
or
in
the
low
er
rea
che
s
of
the
Gra
nd
Riv
er.
The
Sau
gee
n
Bas
in
is
a c
omp
ara
tiv
ely
les
s
pol
lut
ed
wat
ers
hed
,
sho
win
g
flu
x
ra
te
s
co
mp
ar
ab
le
to
the
upp
er
and
mi
dd
le
re
ac
he
s
of
the
Gr
an
d
Riv
er.
Th
e
agr
icu
ltu
ral
wat
ers
hed
s
var
y
con
sid
era
bly
in
pol
lut
ant
out
put
s
ref
lec
tin
g
di
ff
er
en
ce
s
in
typ
e
and
in
te
ns
it
y
of
ag
ri
cu
lt
ur
al
ac
ti
vit
y.
So
me
of
th
es
e
wa
te
rs
he
ds
ap
pe
ar
to
be
si
gn
if
ic
an
t
co
nt
ri
bu
to
rs
of
va
ri
ou
s
po
ll
ut
an
ts
,
pri
mar
ily
nut
rie
nts
.
Flu
x e
sti
mat
es
wer
e
der
ive
d
by
the
IJC
rec
omm
end
ed
approach.
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Avadhanula, M. Rao. Water Quality Studies, Fall Report. Submitted to
PLUARG Task Group C (Canadian Section) Activities 1, 3 and 4. November
1976, 24 pp.
 
Summary
This report presents the progress achieved to date through the
Activities 1, 3 and 4 of the PLUARG Task C study. Results summarized in
this report correspond to the main objective of "obtaining the data on the
inputs of pollutants” from the different land-use areas in the Grand,
Saugeen and Wilton Creek Basins in Ontario.
Among the eleven agricultural watersheds included in the PLUARG
study, Hillman Creek and the Little Ausable River sites (Ag.—13 and Ag.-3)
contained the highest levels of N02 +N03. The highest total phosphorus
concentrations were found in the downstream outlets of North Creek and Big
Creek (Ag.—10, Ag.-1). Total phosphorus showed significant correlations
(r values greater than .8) with ion, TKN and turbidity, whereas inorganic
nitrogen had poor correlation values with phosphorus. Great consistency
was observed in the water—quality data over the study period (1974, 1975,
spring 1976).
In general, the results of the investigations under PLUARG confirm
results derived from the analysis of the historic Grand River water-
quality data. Marked seasonal trends and monthly variations in some
parameter concentrations were observed in these data. The PLUARG data for
the Grand River Basin exhibited water—quality deterioration at downstream
stations. The concentrations of important nutrients (phosphorus and
nitrogen) increased from the middle of the Grand River Basin and remained
high
all
alon
g th
e do
wnst
ream
main
chan
nel
to t
he o
utle
t.
In c
ompa
riso
n
the collected water—quality data suggest that the Saugeen River, Wilton
Creek waters are free from any significant pollution.
Multivariate analysis of the 1975 PLUARG water quality was undertaken.
The
samp
ling
stat
ions
with
high
leve
ls o
f po
llut
ant
inpu
ts w
ere
loca
ted
on
the Nith River tributary, below the urban areas and the downstream reach
of t
he G
rand
Rive
r m
ain c
hann
el.
A be
tter
wate
r qu
alit
y wa
s fo
und
to b
e
present in the Saugeen River.
Bas
ed
on
cur
ren
t i
nfo
rma
tio
n,
it
is
ten
tat
ive
ly
con
clu
ded
that
the
urb
an
and
agr
icu
ltu
ral
lan
d-u
se
act
ivi
tie
s a
re
the
mai
n s
our
ces
of
pol
-
lutant contribution in the Grand River Basin.
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Coote, D.R. et al. Agricultural Land Uses, Livestock and Soils of the
 
Canadian Great Lakes Basin (South of Latitude 45 degrees N), A Report of
the Activities of the Engineerinijesearch Service and the Soil Research
Institute as Part of Agriculture Canada's Contribution to the
Implementation of the Great Lakes Water Quality Agreement, 1973-1974.
(Unpublished). Prepared in part for PLUARG, Task Group C (Canadian
Section). June 1974, 133 pp.
 
Summary
Section I - "Preparation of Background Information for Agricultural
Region Identification and Watershed Selection"
PLUARG‘s Agricultural Sub-Committee required certain information on
which to base its collective selection of sites for Preliminary
Agricultural Watershed Studies. This information was provided by the
projects on classification and mapping of the soils, data obtained from
Activity II below and data on climatic variability. These data were
utilized to identify distinct "agricultural regions" within the lower
Great Lakes Basin.
Section II - "Soil Erosion and Fluvial Sedimentation in Southern Ontario"
A map was prepared indicating the distribution of predicted soil
erosion losses from the predominant soil and agricultural regions of
southern Ontario. Losses ranged from 0 to 15 tons/ac./yr. Watersheds
located in regions of highest soil erosion loss from agricultural land
included the Thames, Sydenham and Humber Rivers.
Section III - "Livestock Feedlot and Manure Storage Runoff”
Two beef feedlots and two manure storage areas have been instrumented
so that a record of rainfall and runoff can be obtained.
Section IV - "A Selective Inventory of Livestock Operation in Southern
Ontario"
An inventory of large livestock operations in southern Ontario has
been carried out utilizing aerial photographs. More than 4,500 farms have
been recorded, and an area of over 25,000 square miles has been surveyed
during this inventory.
ZZ IJC 769
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 Ostry, R.C. The Evaluation of the Effect of Some Waste Disposal Practices
on Great Lakes Water Quality. 1979, 40 pp.
 
Summary
As part of the Ministry of the Environment's input to the Pollution
from Land Use Activities Reference Group (PLUARG) program, studies were
cond
ucte
d on
some
wast
e-di
spos
al o
f se
wage
slud
ge o
n ag
ricu
ltur
al
sani
tary
landfilling, disposal of sewage sludge on agricultural land, private waste
dis
pos
al,
was
tew
ate
r l
ago
ons
and
irr
iga
tio
n,
and
poi
nt-
sou
rce
dis
cha
rge
s.
Excluding point-source discharges, the other waste-disposal practices
app
ear
to
pos
e n
o s
eri
ous
env
iro
nme
nta
l h
azar
d,
pro
vid
ed
the
y a
re
sub
jec
t
to proper site selection, design and operation. Soil attenuating
mec
han
ism
s a
ppe
ar
to
be
hig
hly
eff
ect
ive
in
res
tri
cti
ng
the
mig
rat
ion
of
con
tam
ina
nts
fro
m m
ost
was
te-
dis
pos
al
site
s.
The
pot
ent
ial
pol
lut
ant
s
ide
nti
fie
d f
rom
exi
sti
ng
was
te-
dis
pos
al
pra
cti
ces
in
Ont
ari
o a
re
summarized below:
1.
san
ita
ry
lan
dfi
lli
ng
- c
hlo
rid
e,
org
ani
c t
oxi
can
ts;
2.
dis
pos
al
of
sew
age
slu
dge
on
agr
icu
ltu
ral
land
- ni
tro
gen
,
phosphorus, metals, pathogenic organisms;
3.
pri
vat
e-w
ast
e d
isp
osa
l -
chl
ori
de,
nit
rog
en,
pho
sph
oru
s;
4.
was
tew
ate
r l
ago
ons
and
irr
iga
tio
n —
nit
rog
en,
pho
sph
oru
s,
met
als
and
5.
poi
nt-
sou
rce
dis
cha
rge
- n
itr
oge
n,
pho
sph
oru
s,
met
als
and
organic toxicants.
Sur
fac
e
run
off
car
ryi
ng
pol
lut
ant
s
fro
m e
xis
tin
g
was
te-
dis
pos
al
sit
es
was
fou
nd
to
be
of
sec
ond
ary
imp
ort
anc
e.
The
pri
nci
pal
mec
han
ism
of
dis
per
sin
g
con
tam
ina
nts
was
by
way
of
the
gro
und
-wa
ter
sys
tem
,
ult
ima
tel
y
le
ad
in
g
to
su
rf
ac
e-
wa
te
r
co
nt
am
in
at
io
n.
«
1
Wit
h
res
pec
t
to
poi
nt-
sou
rce
dis
cha
rge
s,
sig
nif
ica
nt
pol
lut
ant
inp
uts
we
re
id
en
ti
fi
ed
as
co
nt
ri
bu
ti
ng
to
wa
te
r-
qu
al
it
y
im
pa
ir
me
nt
of
th
e
Gr
ea
t
Lak
es.
For
exa
mp
le
,
a
co
mb
in
ed
mu
ni
ci
pa
l
and
in
dus
tr
ia
l
po
in
t-
so
ur
ce
di
sc
ha
rg
e
in
th
e
Gr
an
d
Ri
ve
r
Ba
si
n
co
mp
ri
se
s
a
si
gn
if
ic
an
t
pr
op
or
ti
on
of
i
th
e
low
fl
ow
or
bas
e
fl
ow
in
the
ri
ve
r
ba
se
d
on
hi
st
or
ic
re
co
rd
s
(up
to
i
80
%)
.
In
te
rm
s
of
th
e
to
ta
l
an
nu
al
lo
ad
mo
ni
to
re
d
at
th
e
mo
ut
h
of
th
e
k
Gr
an
d
Riv
er,
po
in
t-
so
ur
ce
di
sc
ha
rg
es
ac
co
un
te
d
for
37
%
of
the
ph
os
ph
or
us
,
19
%
of
th
e
ni
tr
og
en
,
11
%
of
th
e
le
ad
,
25
%
of
th
e
zi
nc
an
d
21
%
of
th
e
copper.
l
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 Ostry, R.C. Data Collection Methodology Used in the Study of Pollution
from Land Use Activities in the Grand River and Saugeen River Pilot
Watersheds. 1979, 70 pp.
Summary
Data-collection techniques employed in the Ministry of the Environ—
ment’s PLUARG monitoring program were documented to ensure that the
findings and conclusions based on these data could be compared and
evaluated with data from other studies.
Water-quantity, water-quality and sediment—quality measurements
conducted in the monitoring program were used to provide quantitative
estimates of pollutant mass transport for the following uses:
agriculture, urban, transportation and utility, sanitary landfill,
processed organic waste, extractive industries and private waste disposal.
Continuous records of water level were obtained from streamflow
gauging stations and relationships between stage and discharge for each
station were developed in order to compute continuous discharge. Rainfall
intensity and daily, total rainfall measurements were obtained using a
network of tipping bucket and standard rain gauges. Ground-water sampling
poi
nts
wer
e i
nst
all
ed
and
mon
ito
red
to
det
erm
ine
the
imp
air
men
t o
f
ground-water quality in the vicinity of selected study sites. The
sedi
ment
-qua
lity
moni
tori
ng p
rogr
am w
as d
esig
ned
to m
easu
re t
he q
uali
ty o
f
fluvial sediments and soils.
Emp
has
is
in
the
wat
er-
qua
lit
y m
oni
tor
ing
pro
gra
m w
as
pla
ced
on
the
col
lec
tio
n o
f s
amp
les
whe
n s
urf
ace
run
off
(re
sul
tin
g f
rom
rai
nfa
ll
eve
nts
or s
now
and
ice
melt
) tr
ansp
orte
d po
llut
ants
from
the
surf
ace
of t
he l
and
to
the
tri
but
ary
chan
nel.
Wat
er
sam
ple
s w
ere
col
lec
ted
in
the
vic
ini
ty
of
the
inv
est
iga
ted
lan
d-u
se
act
ivi
tie
s t
o d
ete
rmi
ne
the
pol
lut
ant
con
tri
bu-
tion
fro
m t
hat
land
use.
In
add
iti
on,
the
sur
fac
e-w
ate
r m
oni
tor
ing
netw
ork
was
expa
nded
to u
nmon
itor
ed a
reas
of t
he p
ilot
wate
rshe
ds t
o tr
ace
the movement of pollutants to the boundary waters.
Soil
ana
lys
es
wer
e u
nde
rta
ken
to
qua
nti
fy
the
att
enu
ati
on
rat
es
of
nut
rie
nts
, i
nor
gan
ic
tra
ce
con
tam
ina
nts
and
org
ani
c t
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TASK 'D’ REPORTS
To diagnose the degree of impairment of water quality
in the Great Lakes, including an assessment of con—
centrations of contaminants in sediments, fish and
other aquatic resources.
 
   
 Great Lakes Basin Commission. Existing River Mouth Loading Data in the
U.S. Great Lakes Basin. Submitted to PLUARG Task Group D (U.S. Section).
May 1976, 713 pp.
Summary
River mouth loading data from 550 tributaries to the Great Lakes have
been identified. These data are related to pollution of the Great Lakes
potentially derived from land drainage. Chemicals considered include
nutrients, pesticides, heavy metals and refractory organics, i.e.
persistent organics, such as PCBs, not normally classified as pesticides,
both in solution and attached to particulate materials. In addition,
water discharge and sediment loading data have been sought.
Water quality and identified flow data were also evaluated in terms
of their adequacy for computing tributary loading to the Great Lakes.
Adequacy of the data was based on the frequency of sampling, the duration
2; sampling and the station location, but not on the analytical quality of
e a a.
0f the 550 tributaries considered for possible river mouth loading
data, approximately 30% were found to have sufficient water quality data
to consider calculating annual loadings. About 14% of these tributaries
were gauged at a representative river mouth gaugingstation. 0f the 550
tributaries identified, 102 were considered to be major tributaries, the
remaining being relatively minor streams that individually are not likely
to have a major influence on the Great Lakes (except for possible local
effects). Most of the major tributaries identified had sufficient water
quality data to consider loading calculations, although a number of major
streams did not have gauging stations at strategic river mouth locations.
Those few major tributaries that lack water quality data tend to drain
undeveloped areas, and it is not recommended that sampling programs be
established on these streams as a first priority.
In general, there is a good water quality data record for Great
Lakes' tributaries from the standpoint of monthly monitoring. Flow data
generally lag behind water quality data in terms of the number of
tributaries adequately monitored. The information available on many
tributaries may lead to an underestimation of total loadings of at least
some parameters due to the lack of data during high flow periods, when a
large portion of the total annual loading can occur. Very few streams
were found to have data available specifically on runoff events.
Because of the large area encompassed by the Great Lakes Basin and
the vast amounts of tributary data which have been collected and continue
to be collected, there is a need for greater coordination of data
collection, storage and retrieval. There is also a need for collection of
consistent data over the long-term period, especially event-type data, in
order to assess the short-term as well as long-term variability of the
hydrologic system.
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 # Ongley, Edwin D. Land Use, Water Quality and River Mouth Loadings: A
Selective Overview for Southern Ontario. Submitted to PLUARG Task Group D
(Canadian Section) Activity 2.1. Windsor, Ontario, March 1978, 110 pp.
Sunmary
This report is based upon a long-term PLUARG program in the
Department of Geography at Queen's University under the auspices of
Canadian Task 0, for the assembly, management and analysis of data
holdings pertinent to the assessment of regional trends for the Canadian
side of the Great Lakes. These assessments have in the past involved
computations of tributary loadings of a variety of nutrients, solids,
contaminants and other water quality attributes; the evaluation of
routinely available data for the purpose of developing regional trends;
the statistical analysis of water quality-land use relationships and the
development both of file management and of analytical methods for Task D
purposes. The work performed under this program appears in a series of
reports to (Canadian) PLUARG Task D of the International Joint Commission.
This report, although limited to selected results of a statistical
evaluation of phosphorus trends and of land use-water quality inter-
actions, contains enough primary information to permit full understanding
without recourse to earlier reports. The study is intended primarily as a
source document to be used with other PLUARG information in the prepa-
ration of the final PLUARG report, dealing with evaluation of regional
trends of loadings and land use linkages and the development of remedial
strategies. Therefore, much of the information is presented with
explanatory notes but with little detailed comment for, prior to receipt
) of technical reports from other PLUARG activities, detailed synthesis at
this stage in terms of remedial programs would be premature. It should
i also be noted that many relationships found among variables are noted
herein but left unexplained because they are beyond this writer‘s :
experience. p
 
Although PLUARG is primarily interested in substantive results, the
multivariate analysis of the Task D data bank held at Queen's University 4
has provided insight into analytical procedures involving regional data ?
sets. Therefore, in addition to substantive conclusions drawn from the *
analysis, methodological experience gained through care and handling of
this data bank is germane to potential post-PLUARG activities. It seems
likely that future land use-water quality models for regional public
policy development will involve a statistical component in which data of ‘
the type used here are the best likely to be available for regional “
analysis.
i ~ In most of the work reported here, aggregate basin characteristics
are compared with mean (usually mean annual) river-mouth load and/or
concentration data. Although solids data, which are particularly
susceptible to seasonal (and event) hydrologic variations, have been
3 assessed for seasonal resolution, land use—water quality linkages are here
assessed using mean annual data. Sufficient data do exist to explore
seas
onal
link
ages
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1
reasons for refraining from doing so until the distributed data within
individual basins can be fully exploited. j
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 Monteith, Timothy J. and William C. Sonzogni. U.S. Great Lakes Shoreline
Erosion Loadings. Technical RepOrt of the International Reference Group
on Great Lakes Pollution from Land Use Activities. December 1976, 211 pp.
Sumnary
This study provides an estimate of the total quantity and quality of
material contributed to the lakes from shoreline erosion, which has
generally been ignored as a source of land-derived pollutants to the Great
Lakes. It completes Subactivity 1-2 of U.S. Task D, Pollution from Land
Use Activities Reference Group (PLUARG). The general background for this
report was developed in Subactivity 1-1(a), in which samples from the U.S.
Great Lakes shoreline were collected and analyzed for chemical character-
istics, and Subactivity 1-1(b), in which the available information on
Great Lakes shoreline erosion rates was compiled.
The estimated sediment and chemical loadings from shore erosion in
this report are only first approximations or order of magnitude esti-
mates. The estimated loadings are primarily intended to show the relative
magnitude of shore erosion loadings, particularly in comparison with other
sources of sediment and chemicals to the Great Lakes.
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Acres Consulting Services Ltd. Atmospheric Loading of the Lower Great
Lakes and the Great Lakes Drainage Basin. Submitted to the International
ﬁeference Group on Great Lakes Pollution from Land Use Activities. March
977, 79 pp.
 
Atmospheric Loadings to the Great Lakes, a Technical Note. Submitted to
the International Reference Group on Pollution of the Great Lakes from
Land Use Activities. September 1977, 17 pp.
Summary
Acres Consulting Services Limitedcarried out scientific inves-
tigations of deposition of airborne material on the Lower Great Lakes and
the entire Great Lakes Drainage Basin. This report is essentially an
extension of the report, Atmospheric Loading of the Upper Great Lakes,
975.
In that report, a mathematical model was developed that simulated, on
a daily average basis, the meteorological transport, diffusion and deposi-
tion (loading) of atmospheric pollutant emissions from large sources in
and around the Great Lakes Basin. Using the model, calculations were made
of the loadings in 1974 of sixteen pollutants originating from thirty
major emission regions in Canada and the United States. Emissions data
were available only on an annual basis and it was necessary to assume that
these were distributed uniformly throughout the year. Daily average
meteorological data were used from a network of fourteen stations in the
study area. The calculated loadings were then compared with loadings
estimated from a network of shoreline, island and buoy precipitation
chemistry stations.
Results from the two methods were in reasonable agreement on those
pollutants for which relatively reliable atmospheric emissions data were
available.
For this report, model estimates were required for Lakes Michigan,
Erie and Ontario, as well as for the entire land drainage area in the
Great Lakes Basin, subdivided into thirty-seven individual areas.
Projections were made of growth rates to the year 2000 for those
industrial sectors that contribute the bulk of emissions (about 90% of the
total .
A substantial effort was made to obtain data in both Canada and the
United States on atmospheric emissions of polychlorinated biphenyls
(PCB's) for input to the model. The information collected was judged to
be insufficient to permit calculations of loadings. Consequently,
populations of each emissions region were extracted from published data,
and dimensionless distribution patterns were calculated on the assumption
that PCB air emissions are related to population density.
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Gregor, D.J. and E.D. Ongley. Analysis of Nearshore Water Quality Data in
the Canadian Great Lakes, 1967-1973, Part 1. Submitted to PLUARG Task
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Group D (Canadian Section) Activity 2.1. Windsor, Ontario. January 1978,
270 pp.
Summary
An evaluation and analysis of nearshore water quality data has been
undertaken. These data have been collected along the Canadian shoreline
of the Great Lakes between 1967 and 1973 by the Ontario Ministry of the
Environment.
The single most difficult problem in dealing with this data set is
its high degree of spatial and temporal variability; therefore, consi-
derable time and effort were expended in obtaining an appreciation of its
complexities. This is achieved with detailed summaries of station and
parameter sampling frequencies. Parameters which meet specific sampling
frequency criteria are identified as being suitable for statistical
analysis. However, only eight parameters, generally applicable to a
description of the health of the nearshore zone, are considered in this
report.
The data of each geographic region for each season and depth are
summarized using parametric statistics. Analysis of variance is employed
to test for significant seasonal and depth differences. Spatial water
quality patterns are illustrated and temporal trends are evaluated. The
results are discussed, interpreted and compared to previous studies in an
attempt to provide a summary of water quality in the Canadian nearshore
zone of the Great Lakes for the period 1967 to 1973.
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 Chesters, Gordon and Joseph J. Delfino. Frequency and Extent of
Wind-Induced Resuspension of Bottom Material in the U.S. Great Lakes
Nearshore Waters. Submitted to PLUARG Task Group D (U.S. Section)
Activity 3.3b. Windsor, Ontario. June 1978, 111 pp.
 
Summary
An extensive literature review was conducted to estimate the
frequency and extent of wind-induced resuspension in the U.S. Great Lakes
nearshore zones and to identify nearshore areas of the U.S. Great Lakes
where during certain times of the year, sediment characteristics and
wind/wave conditions are especially conducive to resuspension of bottom
sediments. Two major areas of literature search and information synthesis
were explored: wind and wave characteristics and the properties of
nearshOre surficial sediments in the U.S. Great Lakes. Additionally,
limited information on critical velocities and entrainment rates of
sediments was evaluated.
The approach of this study to determine the frequency and extent of
sediment resuspension was to utilize wave height and wave period data to
calculate wave orbital velocities. Wave height data collected over a
10-year period by observers on Great Lakes vessels (SSMO, 1975) were
coupled with wave period data obtained through wave-hindcasting techniques
(Resio and Vincent, 1976-1978). Other sources of wave datawere
considered, but they were either judged incomplete because only some of
the Great Lakes were covered or were in such a raw form that extensive
computer time was required to synthesize them before they could be used.
Such a computer effort was beyond the resources of this project.
It is important to consider the quality of nearshore sediment when
designating critical areas. Using this criterion, critical areas in the
U.S. Great Lakes nearshore zones are identified as Saginaw Bay (Lake
Huron), the western Basin of Lake Erie, the southern segment of Lake
Michigan and the Duluth-Superior and northern segments of Lake Superior.
According to our estimates, large quantities of sediment are not
resuspended in the northern zones of Lake Superior. However, this zone
encompasses Silver Bay where taconite tailings are discharged. Obviously,
resuspension of polluted bottom sediments will have a far greater impact
on water quality than the resuspension of uncontaminated sediment.
It is important to remember that the predicted sediment resuspension
reported is only a first approximation and extrapolation is only useful if
further studies are conducted to verify (or disprove) these estimates.
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Suns, K. et al. Organochlorine and Heavy Metals Residues in the Nearshore
Biota of the Canadian Lower Great Lakes. Submitted to PLUARG Task Group D
(Canadian Section) Activity 3.3. May 1978, 45 pp.
Summary
Dissolved organochlorine residue levels in the river waters were not
significantly different between Oakville Creek and Grand River water
samples.
Body-burden levels of polychlorinated biphenyls (PCB's), hexachloro-
benzene (HCB), total 1,1,1-trichloro-2, 2-bis (p—chlorophenyl ethane)
(EDDT) and mirex weresignificantly higher in emerald shiners from the
Oakville Creek estuary than shiners from the Grand River.
PCB residues in adult emerald shiners at both stations exceeded the
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Mirex and HCB residues were found only in the Oakville Creek estuary
shiners.
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Eadie,
Brian
J.
Effect
of the
Grand
River
Spring Runoff on
Lake
Michi
an.
(Unpublished).
Draft
Report
submitted
to
PLUARG
Task
Group
D
(U.S. Section)
Subactivity 3.1.
September 1976, 82 pp.
Summary
A series of cruises in and around the Grand River plume were con-
ducted during the spring runoff to determine the effect of high flow
loadings on nearshore Lake Michigan. It was found that:
1.
the
plume was
relatively
small
rarely extending
beyond
a 3 x 3
km area;
2.
during spring runoff the river loads the lake at approximately
twice the background rate;
3.
an approximate plume residence or replacement time of one day
leads to most materials
acting in a conservative manner;
4.
the river
is loading the lake significantly in total suspended
matter, nutrients and trace metals;
5. the river does not appear to be a source of PCB's and
6.
real time coordination with NASA overflights did not prove
successful, although the concept has significant potential for
nearshore studies.
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 Env
iro
nme
nt
Can
ada
and
Ont
ari
o
Min
ist
ry
of
Nat
ura
l
Res
our
ces
.
Can
ada
-
Ont
ari
o G
rea
t L
ake
s S
hor
e D
ama
ge
Sur
vey
Tec
hni
cal
Rep
ort
.
Oct
obe
r 1
975,
i
97 pp.
Env
iro
nme
nt
Can
ada
and
Ont
ari
o
Min
ist
ry
of
Nat
ura
l
Res
our
ces
.
Can
ada
-
Ont
ari
o G
rea
t
Lak
es
Sho
re
Dam
age
Sur
vey
Coa
sta
l
Zon
e A
tla
s.
Mar
ch
197
6,
732 pp.
Summary
The
cur
ren
t h
igh
wat
er
lev
els
of
the
Gre
at
Lak
es
cau
sed
wid
esp
rea
d
dam
age
to
the
sho
rel
ine
s,
res
ult
ing
in
con
sid
era
ble
los
s
of
pub
lic
and
1
pri
vat
e p
rop
ert
y.
In
res
pon
se
to
con
cer
n f
or
sho
rel
and
pro
per
tie
s,
Env
iro
nme
nt
Can
ada
and
the
Ont
ari
o M
ini
str
y o
f N
atur
al
Res
our
ces
ent
ere
d
int
o a
n a
gre
eme
nt
to
sur
vey
the
nat
ure
and
ext
ent
of
sho
rel
ine
dam
age
thr
oug
h
ero
sio
n
and
inu
nda
tio
n
and
to
mak
e
pre
lim
ina
ry
rec
omm
end
ati
ons
wit
h
res
pec
t
to
sho
rel
ine
man
age
men
t
and
pla
nni
ng.
The
fin
din
gs,
con
clu
sio
ns
and
rec
omm
end
ati
ons
are
pre
sen
ted
in
thi
s t
ech
nic
al
rep
ort
.
A c
oas
tal
zon
e
atl
as
was
pro
duc
ed
to
dis
pla
y
car
tog
rap
hic
all
y
sho
rel
ine
par
ame
ter
s
suc
h
as
lan
d
use
,
lan
d
val
ue,
own
ers
hip
,
phy
sic
al
cha
rac
ter
ist
ics
,
sho
re
pro
tec
tio
n
and
exi
sti
ng
pro
tec
tio
n
in
dam
age
d
are
as.
The
atl
as
uti
liz
es
aer
ial
pho
tog
rap
hs
fro
m
195
2-5
5
and
197
3
and
old
sur
vey
rec
ord
s
to
qua
nti
fy
rec
ess
ion
on
the
Gre
at
Lak
es
sho
rel
ine
and
presents these rates as histograms.
The
sur
vey
was
des
ign
ed
to
col
lec
t
and
ana
lys
e
dat
a
on
the
Gre
at
Lak
es
sho
rel
ine
wit
h
res
pec
t
to
ero
sio
n
and
inu
nda
tio
n
dam
age
as
an
ini
tia
l
ste
p
in
ide
nti
fyi
ng
the
alt
ern
ati
ves
for
sho
rel
ine
man
age
men
ts
and
planning.
Thi
s r
epo
rt
dea
ls
wit
h t
he
por
tio
ns
of
sho
rel
ine
cla
ssi
fie
d a
s
er
od
ib
le
,
ex
te
nd
in
g
fr
om
Po
rt
Se
ve
rn
on
Ge
or
gi
an
Ba
y
to
Ga
na
no
qu
e
on
La
ke
Ont
ari
o.
Gen
era
l a
nd
spe
cif
ic
cau
ses
of
ero
sio
n
and
inu
nda
tio
n a
re
ex
am
in
ed
al
on
g
wi
th
the
ec
on
om
ic
,
en
gi
ne
er
in
g,
en
vi
ro
nm
en
ta
l
and
soc
ial
imp
lic
ati
ons
of
the
res
ult
ing
los
ses
.
Pos
sib
le
alt
ern
ati
ves
or
str
ate
gie
s
to
am
el
io
ra
te
sh
or
el
in
e
da
ma
ge
ar
e
pr
es
en
te
d
fo
r
fu
tu
re
in
-d
ep
th
con
sid
era
tio
n.
Rec
omm
end
ati
ons
are
pre
sen
ted
in
res
pec
t
to
lon
g-t
erm
pro
tec
tio
n,
in
sho
rel
and
man
age
men
t
and
pla
nni
ng,
and
in
the
dev
elo
pme
nt
of
st
ud
ie
s
to
fu
rt
he
r
ex
pl
or
e
th
es
e
fi
el
ds
.
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l
*
Ongl
ey,
Edwi
n Da
vid.
Hydr
ophy
sica
l Ch
arac
teri
stic
s of
Grea
t La
kes
Tributary Drainage, Canada. 5 vols. (Unpublished). Submitted to PLUARG
?
Task
Grou
p D,
Acti
vity
2, S
ubac
tivi
ty 1
. O
ctob
er 1
974,
1,21
1 pp
.
Appendix 1: Geographical and Geomorphical Data (Volume )
Appendix II: Discharge Records (Volume )
I Appendix III: Water Quality Records
2
2
Basin Index: Lake Ontario (Volume 3
Basin Index: Lake Erie (Volume 4
Basin Index: Lake Huron (Volume 5
( 5
v Basin Index: Lake Superior Volume
V
v
v
v
Summary
Although the immense reservoir characteristic of the Great Lakes
produces relative hydrologic stability, it also serves to retain and
conc
entr
ate
mate
rial
disc
harg
ing
from
trib
utar
y dr
aina
ge.
In v
iew
of
diverse physical and cultural characteristics of the Great Lakes
watershed, the purpose of this report is to provide data to enable
identification of spatial patterns of river discharge and water quality
for
all
Cana
dian
trib
utar
ies
drai
ning
into
each
of t
he G
reat
Lake
s.
In
addition, basic geologic and geomorphologic information is compiled for
eac
h t
rib
uta
ry
wat
ers
hed
.
Wit
h t
he
exc
ept
ion
of
App
end
ix
I,
the
rep
ort
omit
s da
ta f
or t
ribu
tari
es d
rain
ing
to w
ater
ways
conn
ecti
ng t
he G
reat
Lakes.
App
end
ix
I c
ont
ain
s g
eog
rap
hic
, g
eom
orp
hol
ogi
c a
nd
lan
dfo
rm
des
cri
p-
tio
n o
f b
asi
ns
inc
lud
ed
in
App
end
ice
s
II
and
III
, p
lus
bas
ins
add
ed
in
197
3 t
o t
he
pro
vin
cia
l m
oni
tor
ing
sys
tem
.
App
end
ice
s I
I a
nd
III
, w
hic
h
ta
bu
la
te
di
sc
ha
rg
e
and
wa
te
r
qu
al
it
y
rec
ord
s,
in
cl
ude
all
ba
si
ns
for
wh
ic
h
dis
cha
rge
and
/or
wat
er
qua
lit
y d
ata
are
ava
ila
ble
to
Dec
emb
er
31,
1972
.
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Ong
ley
, E
dwi
n D
.
Hyd
rop
hys
ica
l C
har
act
eri
sti
cs
of
Gre
at
Lak
es
Tri
but
ary
Dra
ina
ge,
Can
ada
:
Eva
lua
tio
n
of
Loa
din
gs
fro
m
Tri
but
ary
Wat
ers
to
the
Gre
at
Lak
es
and
Int
erc
onn
ect
ing
Cha
nne
ls.
(Un
pub
lis
hed
).
Sub
mit
ted
to
PLU
ARG
TaS
k
Gro
up’
D.
’Fe
bru
ary
197
6,
227
pp.
Summary
This
rep
ort
con
tin
ues
the
work
for
PLU
ARG
Task
D a
nd
con
tai
ns
a
con
tra
ct
wor
k
sta
tem
ent
,
"ra
w d
ata
set
s”
sta
tus
rep
ort
,
and
wat
er
qua
lit
y
and
loa
din
gs
cal
cul
ati
ons
for
int
erc
onn
ect
ing
wat
erw
ays
.
It
was
rec
omm
end
ed
tha
t T
ask
D c
ont
inu
e i
ts
ass
ess
men
t o
f l
oad
ing
s
dat
a b
oth
wit
hin
the
fra
mew
ork
of
con
cen
tra
tio
n-d
isc
har
ge
rel
ati
ons
hip
s
and
as
add
iti
ona
l P
LUA
RG
inf
orm
ati
on
bec
ome
s a
vai
lab
le.
It
has
bee
n n
ote
d
tha
t v
eri
fic
ati
on
of
sur
vei
lla
nce
dat
a c
an
be
per
for
med
on
onl
y f
ive
wat
ers
hed
s a
nd
onl
y f
or
sus
pen
ded
sed
ime
nt.
It
is
imp
era
tiv
e t
hat
oth
er
qua
lit
y p
ara
met
ers
be
che
cke
d a
gai
nst
the
mor
e e
xha
ust
ive
but
tem
por
all
y
limited Task C data sets.
The
Tas
k D
dat
a b
ank
is
suf
fic
ien
tly
com
ple
te
to
sub
jec
t t
he
dat
a t
o
mul
tiv
ari
ate
ana
lys
is
in
ord
er
to
exa
min
e l
ink
age
s b
etw
een
wat
er
qua
lit
y
att
rib
ute
s a
nd
ind
epe
nde
nt
var
iab
les
suc
h a
s l
and
use
,
ove
rbu
rde
n,
geo
log
y,
dis
cha
rge
,
etc
.
The
se
lin
kag
es
wil
l
for
m
the
fou
nda
tio
n
for
ext
rap
ola
tio
n
(mo
del
lin
g)
usi
ng
the
Tas
k
8 f
utu
re
pro
jec
tio
ns
of
lan
d
use
.
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PLUARG 76-102
 Ongley, Edwin D. Study of Statistical Evaluation and Update of Data Bank
with Discharge and Water Quality Data for the Great Lakes Interconnecting
Channels and Associated Tributaries. (Unpublished). Submitted to PLUARG
Task Group D (Canadian Section). March 1977, 91 pp.
Summary
This status report includes a statement of data file organization,
activities pertaining to statistical analysis, an overview of current work
status and a summary of loadings data for the period of record to 1974.
No effort was made to reproduce earlier information contained in the 1974
report.
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Sy
do
r,
Mi
ch
ae
l
an
d
Go
rd
on
J.
Om
an
.
Ef
fe
ct
s
of
Ne
ma
dj
i
Ri
ve
r
Ru
no
ff
on
La
ke
Su
pe
ri
or
:
Ef
fe
ct
s
of
Ri
ve
r
In
pu
ts
on
th
e
Gr
ea
t
La
ke
s.
Su
bm
it
te
d
to
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
an
d
PL
UA
RG
,
Ta
sk
Gr
ou
p
D
in
fu
lf
il
lm
en
t
of
Su
ba
ct
iv
it
ie
s
3.
1
an
d
3.
3a
.
Ma
y
19
77
,
19
3
pp
.
Summary
Am
on
g
th
e
to
pi
cs
di
sc
us
se
d
in
th
is
re
po
rt
ar
e:
th
e
ex
te
nt
of
co
nt
am
i-
na
ti
on
fr
om
sp
ri
ng
ru
no
ff
,
re
su
sp
en
si
on
,
ef
fl
ue
nt
bu
dg
et
s,
ef
fl
ue
nt
id
en
ti
-
fi
ca
ti
on
th
ro
ug
h
La
nd
sa
t,
ch
em
ic
al
lo
ad
in
g
fr
om
sp
ri
ng
ru
no
ff
,
lo
ng
ra
ng
e
ef
fl
ue
nt
tr
an
sp
or
t
an
d
ac
cu
mu
la
ti
on
,
ef
fl
ue
nt
di
ss
ip
at
io
n
to
ba
ck
gr
ou
nd
le
ve
ls
,
in
te
rs
ta
te
tr
an
sp
or
t
of
po
ll
ut
an
ts
,
se
pa
ra
ti
on
of
ru
no
ff
an
d
resuspension effects.
CO
NC
LU
SI
ON
AN
D
RE
CO
MM
EN
DA
TI
ON
S
 
l.
La
nd
sa
t
da
ta
fo
r
La
ke
Su
pe
ri
or
ca
n
be
us
ed
in
st
at
is
ti
ca
l
de
te
rm
in
at
io
n
of
pa
rt
ic
ul
at
e
lo
ad
in
g
due
to
run
of
f,
er
os
io
n
and
re
su
sp
en
si
on
.
Th
e
av
ai
la
bi
li
ty
of
th
re
e
sa
te
ll
it
es
pr
ov
id
es
go
od
st
at
is
ti
cs
,
lo
w
co
st
an
d
a
go
od
op
po
rt
un
it
y
fo
r
si
mu
lt
an
eo
us
gr
ou
nd
truth data acquisition.
2.
Nu
me
ri
ca
l
mo
de
li
ng
of
tu
rb
id
it
y
pl
um
es
,
in
co
rr
el
at
io
n
wi
th
re
mo
te
se
ns
in
g
dat
a,
pr
ov
id
es
re
al
is
ti
c
re
su
lt
s
for
di
sp
er
si
on
and
tr
an
sp
or
t
of
po
ll
ut
an
ts
to
ba
ck
gr
ou
nd
le
ve
ls
.
3.
Al
th
ou
gh
mo
ni
to
ri
ng
of
ch
em
ic
al
lo
ad
in
g
th
ro
ug
h
th
e
us
e
of
re
mo
te
se
ns
in
g
ap
pe
ar
s
di
ff
ic
ul
t,
th
e
us
e
of
sa
te
ll
it
e-
bo
rn
e
in
st
ru
me
nt
s,
sp
ec
if
ic
al
ly
de
si
gn
ed
fo
r
wa
te
r
qu
al
it
y
me
as
ur
em
en
ts
,
wo
ul
d
be
he
lp
ful
.
Th
e
pr
es
en
t
sa
te
ll
it
e
and
ma
nn
ed
ov
er
fl
ig
ht
da
ta
can
be
us
ed
in
di
ff
er
en
ti
at
in
g
ef
fl
ue
nt
s
in
La
ke
Su
pe
ri
or
,
an
d
ca
n
be
us
ed
in
es
ti
ma
te
s
of
ch
em
ic
al
lo
ad
in
g
for
th
os
e
pa
ra
me
te
rs
wh
ic
h
sh
ow
st
ro
ng
co
rr
el
at
io
n
wi
th
the
op
ti
ca
ll
y-
de
te
ct
ab
le
pa
ra
me
te
rs
.
Fu
rt
he
r
co
rr
el
at
io
n
of
ch
em
ic
al
pa
ra
me
te
rs
wit
h
sa
te
ll
it
e
da
ta
and
op
ti
ca
l
pa
ra
me
te
rs
co
ul
d
be
fr
ui
tf
ul
.
Th
e
ma
nn
ed
ov
er
fl
ig
ht
s
ha
ve
th
e
ad
va
nt
ag
e
of
na
rr
ow
er
sp
ec
tr
al
re
so
lu
ti
on
,
bu
t
su
ff
er
fr
om
an
ad
di
ti
on
al
ne
ed
fo
r
co
rr
ec
ti
on
du
e
to
an
gu
la
r
de
pe
nd
en
ce
of
at
mo
sp
he
ri
c
ef
fe
ct
s
an
d
th
e
an
gu
la
r
de
pe
nd
en
ce
of
Mi
e
sc
at
te
ri
ng
by
su
sp
en
de
d
so
li
ds
.
Cu
rr
en
tl
y
th
e
la
ck
of
su
ff
ic
ie
nt
da
ta
re
pr
es
en
ti
ng
ne
ar
ly
si
mu
lt
an
eo
us
sa
mp
li
ng
an
d
ov
er
fl
ig
ht
s,
pr
ev
en
ts
th
e
re
al
iz
at
io
n
of
th
e
fu
ll
po
te
nt
ia
l
of
re
mo
te
se
ns
in
g
da
ta
in
ev
al
ua
ti
on
of
wa
te
r
qu
al
it
y
on
a
la
rg
e
ge
om
et
ri
c
sc
al
e.
Re
pe
at
ed
lo
w
le
ve
l
ov
er
fl
ig
ht
s,
su
ch
as
we
re
pe
rf
or
me
d
at
th
e
Ne
ma
dj
i
si
te
fo
r
April 9, could be helpful.
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 * Sydor, Michaei and G.J. Oman. Effects of Nemadji River Runoff on Lake
Superior. (Unpubiished). Submitted to PLUARG Task Group D (U.S. Section)
Activities 3.1 and 3.3a. December 1977, 174 pp.
 
Sunmary
Among the toxics discussed in this report are: the extent of con-
tamination from spring runoff, resuspension, effiuent budgets, effiuent
identification through Landsat, chemicai 1oading from spring runoff, long
range effiuent transport and accumu1ation, eff1uent dissipation to
background ieveis, interstate transport of poiiutants, separation of
runoff and resuspension effects.
22 IJC 769
PLUARG 77-105
 Bannerman, Roger, John Konrad and Don Becker. Effects of Menomonee River
Inputs on Lake Michigan During Peak Flow. (Unpublished). Submitted to
ggUARG Task Group D (U.S. Section) Activities 3.1 and 3.1a. August 1977,
PP-
 
Summary
The effects of the combined inputs from the Menomonee, Milwaukee and
Kinnickinnic Rivers on Lake Michigan water quality were investigated.
Estimates of annual river loadings indicated the Menomonee River usually
discharged less than half of the annual river loadings reaching the
Milwaukee Harbor and the effect of the Menomonee River on Lake Michigan
water quality could not be isolated from that of the Milwaukee and
Kinnickinnic River. The study focused on the area around the Milwaukee
harbor and the area was divided into four regions: the inner harbor,
outer harbor, inshore zone and offshore zone. The inner harbor was
bounded upstream by the point on the river wherethe lake and harbor
seiche effects were no longer apparent and downstream by the outermost
point of the shipping channel. The outer harbor was separated from the
inshore zone bythe breakwater and the inshore zone extended five
kilometers into the lake. Water quality surveys were conducted in the
study area during periods of high and low flow in the rivers. The
parameter list included nutrients, solids and metals.
ZZ IJC 769
PLUARG 77—107
ii
i
J
g
  
St
at
e
Un
iv
er
si
ty
of
Ne
w
Yo
rk
Co
]]
eg
e,
Bu
ff
a]
o,
Gr
ea
t
La
ke
s
La
bo
ra
to
ry
.
Ef
fe
ct
s
of
Ge
ne
se
e
Ri
ve
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e
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e
Ar
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e
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pp
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Sunmary
Th
is
re
po
rt
pr
es
en
ts
in
fo
rm
at
io
n
fr
om
a
PL
UA
RG
Ta
sk
D
3.
1
an
d
3.
3
st
ud
y
co
nc
er
ni
ng
a
ch
em
ic
a]
ev
aT
ua
ti
on
of
di
sc
ha
rg
es
fr
om
th
e
Ge
ne
se
e
Ri
ve
r
an
d
of
wi
nd
-i
nd
uc
ed
re
su
sp
en
si
on
s
in
th
e
Ro
ch
es
te
r
re
gi
on
of
La
ke
On
ta
ri
o.
Th
e
in
ve
st
ig
at
io
n
a]
so
pr
ov
id
ed
gr
ou
nd
—t
ru
th
fo
r
a
re
mo
te
se
ns
in
g
su
rv
ey
co
nd
uc
te
d
si
mu
Tt
an
eo
us
1y
.
Th
e
ob
je
ct
iv
es
of
th
e
st
ud
y
we
re
to
:
1.
su
rv
ey
th
e
qu
a]
it
y
of
wa
te
r
of
fs
ho
re
of
th
e
Ge
ne
se
e
Ri
ve
r
mo
ut
h
fo
]]
ow
in
g
a
hi
gh
-f
]o
w
ev
en
t;
2.
id
en
ti
fy
ge
ne
ra
]
di
st
ri
bu
ti
on
pa
tt
er
ns
an
d
tr
an
sp
or
t
me
ch
an
is
ms
of
su
bs
ta
nc
es
co
nt
ri
bu
te
d
by
th
e
ri
ve
r;
3.
de
te
rm
in
e
wh
et
he
r
re
su
sp
en
si
on
of
se
di
me
nt
ed
ma
te
ri
a]
s
is
si
gn
if
ic
an
t,
re
]a
ti
ve
to
th
e
tr
ib
ut
ar
y
in
pu
ts
of
su
sp
en
de
d
ma
te
ri
a]
in
th
e
ne
ar
sh
or
e
ar
ea
of
th
e
ri
ve
r
un
de
r s
tu
dy
;
4.
as
se
ss
th
e
ge
ne
ra
]
im
pa
ct
of
wi
nd
-i
nd
uc
ed
re
su
sp
en
si
on
of
su
zp
en
de
d
ma
te
ri
a]
on
th
e
wa
te
r
qu
a]
it
y
of
th
e
ar
ea
un
de
r
st
ud
y
an
5.
ev
a]
ua
te
th
e
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ne
ra
]
im
pa
ct
of
th
e
tr
ib
ut
ar
y
]o
ad
in
g
to
th
e
]a
ke
under event conditions.
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 Nati
onal
Aero
naut
ics
and
Spac
e Ad
mini
stra
tion
, Le
wis
Rese
arch
Cent
er.
Coor
dina
ted
Airc
raft
/Shi
p Su
rvey
s fo
r De
term
inin
g th
e Im
pact
of R
iver
Inpu
ts o
n Gr
eat
Lake
s Wa
ters
- Re
mote
Sens
ing
Resu
lts.
(Unp
ubli
shed
).
Subm
itte
d to
the
Inte
rnat
iona
l Re
fere
nce
Grou
p on
Grea
t La
kes
Poll
utio
n
from Land Use Activities. June 1977, 25 pp.
Sunmary
Air
cra
ft
rem
ote
sen
sin
g h
as
pro
ved
to
be
a p
rod
uct
ive
tec
hni
que
for
ass
ess
ing
the
eff
ect
s o
f p
oll
uti
on
fro
m l
and
use
act
ivi
tie
s.
Sum
mar
ize
d
her
e a
re
the
ove
ral
l r
emo
te
sen
sin
g r
esu
lts
for
the
coo
rdi
nat
es
air
cra
ft/
shi
p
sur
vey
pro
gra
m
at
the
six
stu
dy
sit
es.
For
ty-
sev
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ove
rfl
igh
ts
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the
stu
dy
are
as
hav
e
bee
n
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ort
ed,
man
y
of
whi
ch
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e m
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dur
ing
the
spr
ing
per
iod
of
max
imu
m r
uno
ff.
Als
o,
twe
nty
-fi
ve
Lan
dsa
t i
mag
es
wer
e
esp
eci
all
y
use
ful
in
rev
eal
ing
the
ext
ens
ive
res
usp
ens
ion
and
/or
sho
re
ero
sio
n a
lon
g t
he
sou
th
sho
reo
f L
ake
Ont
ari
o a
nd
the
wes
t s
hor
e o
f L
ake
Mic
hig
an.
The
ove
ral
l
dat
a
acq
uis
iti
on
rec
ord
dem
ons
tra
ted
tha
t t
her
e
are
suf
fic
ien
t o
ppo
rtu
nit
ies
wit
h
clo
ud-
fre
e
sky
con
dit
ion
s
ove
r
the
Gre
at
Lak
es
suc
h
tha
t
a d
edi
cat
ed
rem
ote
sen
sin
g
sys
tem
can
mee
t
the
dat
a
re
qu
ir
em
en
ts
of
ex
te
ns
iv
e
su
rv
ey
pr
og
ra
ms
suc
h
as
PLU
ARG
.
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.
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d
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fe
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e
Gr
ou
p
of
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
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Fe
br
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19
79
,
38
pp
.
Summary
Th
e
tr
op
hi
c
cl
as
si
fi
ca
ti
on
of
wa
te
r
bo
di
es
,
as
us
ed
in
th
is
re
po
rt
,
re
fe
rs
to
a
co
mp
ar
is
on
of
th
e
de
gr
ee
of
fe
rt
il
it
y
or
eu
tr
op
hi
ca
ti
on
of
wa
te
r
bo
di
es
,
us
in
g
a
co
mm
on
sc
al
e
or
in
de
xi
ng
sy
st
em
.
Th
is
co
nc
ep
t
of
a
re
la
ti
ve
sc
al
e
fo
r
th
e
co
mp
ar
is
on
of
wa
te
r
bo
di
es
,
or
co
nd
it
io
ns
wi
th
in
th
e
sa
me
wa
te
r
bo
dy
,
is
us
ed
fo
r
mo
st
tr
op
hi
c
in
de
xi
ng
sc
he
me
s,
wi
th
th
e
ma
jo
r
di
ff
er
en
ce
s
be
tw
ee
n
sc
he
me
s
be
in
g
th
e
pa
ra
me
te
rs
ch
os
en
to
fo
rm
ul
at
e
the index.
Ma
ny
la
ke
tr
op
hi
c
in
de
xi
ng
sy
st
em
s
ha
ve
be
en
pr
op
os
ed
by
nu
me
ro
us
re
se
ar
ch
er
s
ov
er
th
e
pa
st
se
ve
ra
l
de
ca
de
s
fo
r
th
e
pu
rp
os
e
of
tr
op
hi
c
st
at
e
de
li
ne
at
io
n,
as
we
ll
as
fo
r
ju
st
if
ic
at
io
n
of
nu
tr
ie
nt
co
nt
ro
l
st
ra
te
gi
es
.
As
pa
rt
of
th
e
ac
ti
vi
ti
es
of
Ta
sk
D,
a
tr
op
hi
c
in
de
x
wa
s
de
ve
lo
pe
d
fo
r
co
mp
ar
is
on
of
th
e
ne
ar
sh
or
e
zo
ne
of
th
e
Gr
ea
t
La
ke
s.
Th
is
tr
op
hi
c
in
de
x
is
ba
se
d
on
a
mo
di
fi
ca
ti
on
of
Do
bs
on
an
d
Ch
ap
ra
's
(1
97
7)
ap
pr
oa
ch
to
th
e
of
fs
ho
re
wa
te
rs
of
th
e
Gr
ea
t
La
ke
s.
Th
e
de
ve
lo
pm
en
t
of
th
is
in
de
x
an
d
it
s
ap
pl
ic
at
io
n
to
th
e
ne
ar
sh
or
e
wa
te
rs
is
pr
es
en
te
d
in
th
is
re
po
rt
.
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# Rast, WaTter and Dennis J. Gregor. Report on Differences in Great Lakes
Phosphorus Load Estimates. Submitted to the PoiTution from Land Use
Activities Reference Group of the Internationai Joint Commission.
February 1979, 27 pp.
Sunmary
A review was conducted of the 1976 Great Lakes phosphorus Toad
estimates deveToped by the PoTTution from Land Use Activities Reference
Group (PLUARG), the Water Quaiity Board (WQB) and Task Group III (TG), the
biTateraT technicaT group which deveioped phosphorus Target Loads for the
Great Lakes as part of the Fifth Year Review of the U.S.-Canadian Water
Quaiity Agreement. The Toad estimates were examined to determine the
sources of differences between estimates and, where possibTe, to expTain
the differences. A summary of the sources of information used by the
three groups to deveTop the 1976 phosphorus Toad estimates is presented in
this report.
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at
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.S
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h
1979, 179 pp.
Sunmary
Th
is
re
po
rt
pr
es
en
ts
th
e
fi
nd
in
gs
of
Su
ba
ct
iv
it
y
3—
4
of
th
e
U.
S.
Ta
sk
D
po
rt
io
n
of
th
e
Po
ii
ut
io
n
fr
om
La
nd
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e
Ac
ti
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ti
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Re
fe
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e
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ou
p
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ud
y.
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e
re
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rt
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s
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e
de
gr
ee
of
Gr
ea
t
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ke
s
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te
r
qu
aT
it
y
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pa
ir
me
nt
,
wh
ic
h
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kn
ow
n
or
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ou
gh
t
to
be
ca
us
ed
by
po
TT
ut
io
n
fr
om
la
nd
dr
ai
na
ge
.
It
aT
so
su
mm
ar
iz
es
an
d
in
te
gr
at
es
th
e
ov
er
ai
i
U.
S.
Ta
sk
D
ef
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rt
.
Fu
rt
he
r,
th
e
re
po
rt
ex
am
in
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ce
rt
ai
n
cr
it
ic
ai
qu
es
ti
on
s
th
at
we
re
no
t
an
sw
er
ed
in
th
e
PL
UA
RG
fi
na
T
re
po
rt
bu
t
we
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re
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ed
as
es
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nt
ia
i
to
im
pi
em
en
ti
ng
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e
PL
UA
RG
re
co
mm
en
da
ti
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s.
Ba
se
d
on
an
ex
te
ns
iv
e
ii
te
ra
tu
re
re
vi
ew
,
it
wa
s
co
nc
iu
de
d
th
at
,
wh
iT
e
ma
ny
st
ud
ie
s
ha
ve
im
pi
ic
at
ed
Ta
nd
—d
er
iv
ed
po
ii
ut
io
n
as
a
fa
ct
or
in
th
e
de
gr
ad
at
io
n
of
Gr
ea
t
La
ke
s
wa
te
r
qu
aT
it
y,
th
er
e
is
Ti
tt
ie
co
nc
iu
si
ve
ev
id
en
ce
of
di
re
ct
ef
fe
ct
s.
No
np
oi
nt
so
ur
ce
s
ar
e
ob
vi
ou
sl
y
im
pa
ir
in
g
th
e
Ta
ke
s,
bu
t
it
is
of
te
n
im
po
ss
ib
ie
to
se
pa
ra
te
th
e
ef
fe
ct
s
of
po
in
t
an
d
ot
he
r
so
ur
ce
s
to
de
te
rm
in
e
th
e
sp
ec
if
ic
ro
ie
of
no
np
oi
nt
so
ur
ce
po
ii
ut
io
n.
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 Millard, E.S. £3 £1. Biomagnification of Atrazine in Lake Column Simu—
lators. Submitted to PLUARG Task Group D (Canadian Section). Burlington,
Ontario. August 1979, 27 pp.
 
Summary
Additions of atrazine at two treatment levels were made to four lake
column simulators in each of two experiments. The lowest treatment in
both experiments was sufficient to yield concentrations in the range (0-30
ppb) frequently measured in agricultural watersheds in late spring and
early sunmer while the other was an order of magnitude higher. The amount
of atrazine added at each treatment level was similar between experiments,
but was applied over different lengths of time, fourteen days in the first
experiment and five days in the second.
Atrazine was detected in most components of a simple food chain, but
concentrations, particularly in fish, were not much higher than in water.
Over 90% of the atrazine added could be accounted for by adding quantities
found in open water of the upper and lower layers. The bulk of atrazine
added remained in solution in the upper layer.
Neither impairment of photosynthesis by algae nor toxic effects to
zooplankton and fish were apparent in column experiments. Atrazine does
not
appe
ar t
o be
a th
reat
to t
he G
reat
Lake
s ec
osys
tem
in t
erms
of e
ithe
r
toxicity or bioaccumulation.
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s
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d
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at
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d
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se
of
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l
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s
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mp
ar
ed
wi
th
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e
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ph
os
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ac
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A
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nd
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e
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th
e
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te
r
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h
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s
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g
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ur
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s
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e
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en
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at
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n
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,
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ou
gh
ob
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ou
s
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ff
er
en
ce
s
in
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ow
th
re
sp
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ed
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Se
wa
ge
ef
fl
ue
nt
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od
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er
al
l
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th
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eq
ui
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nt
to
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e
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os
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l,
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e
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ve
r
wa
te
r
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d
an
ov
er
al
l
re
sp
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se
of
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%
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e
co
nt
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l.
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to
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f
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s
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e
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du
e
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ck
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nd
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ur
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re
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is
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at
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Ri
ve
r
pa
rt
i—
cu
la
te
s
an
d
it
s
co
nt
ro
l
wa
s
pr
ob
ab
ly
li
mi
te
d
by
zo
op
la
nk
to
n
gr
az
in
g
pr
es
su
re
.
Al
l
ot
he
r
co
lu
mn
s
ha
d
de
cl
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e
po
or
so
lu
bi
li
ty
of
th
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os
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.
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ra
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a
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e
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en
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il
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y
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ph
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considered.
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 Armstrong, D.E., J.R. Perry and D.E. Flatness. Availability of Pollutants
Associated with Suspended or Settled River Sediments Which Gain Access to
the Great Lakes. Submitted to PLUARG Task Group D. Windsor, Ontario.
December 1979, 96 pp. (See also 22 IJC 769/PLUARG 79-043).
Summary
The purpose of this investigation was to evaluate the availability of
certain elements, mainly phosphorus, transported to the Great Lakes by
suspended sediment. Nitrogen was also investigated because of its
importance as a nutrient element. Certain trace metals were included
because of concern over their possible adverse effects on the Great Lakes.
Availability was estimated by chemical methods. For phosphorus, the
chemical methods (NaOH extraction and anion exchange resin desorption)
have been related to direct measurements of biologically-available
phosphorus in the laboratory; for nitrogen, measurements were made of
inorganic nitrogen (available) and an organic fraction which may be
converted to inorganic nitrogen; for trace metals, measurements were made
of the fraction readily desorbed (chelating cation exchange resin) and the
fraction associated mainl with hydrous oxides (hydroxylamine
hydrochloride extractable).
Samples were collected from five tributaries within the Great Lakes
Basin, namely Genesee in New York, Grand in Michigan, Maumee in Ohio and
Menomonee and Nemadji in Wisconsin. These tributaries, except the
Nemadji, were also among the pilot watersheds used by the International
Reference Group on Great Lakes Pollution from Land Use Activities to
investigate pollutant loadings to the Great Lakes for the International
Joint Comnission. Samples were transported to the laboratory in Madison,
Wisconsin for analysis. The suspended sediments were fractionated
according to particle size, and chemical measurements were used to
estimate the availability of phosphorus, nitrogen and trace metals in the
suspended sediment. Samples of recessional shoreline material were also
analyzed for available phOSphorus.
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l
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nce
Gro
up
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Gre
at
Lak
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PoT
Tut
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m L
and
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Act
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tie
s.
Det
aii
ed
Stu
dy
PTa
n t
o A
sse
ss
Gre
at
Lak
es
Poi
iut
ion
fro
m L
and
Us
e
Ac
ti
vi
ti
es
.
Fe
br
ua
ry
19
74
,
14
8
pp
.
Summary
In
this
rep
ort
PLU
ARG
det
aii
ed
the
four
tas
ks
nec
ess
ary
to
fuif
iii
its study requirements.
Task
A w
as
to
ass
ess
Tand
use
pro
bie
ms,
man
age
men
t p
rog
ram
s a
nd
res
ear
ch
in
an
att
emp
t t
o s
et
pri
ori
tie
s a
nd
rec
omm
end
reme
diai
mea
sur
es
in
reT
ati
on
to
the
bes
t c
urr
ent
inf
orm
ati
on
on
the
eff
ect
s o
f T
and
use
act
ivi
tie
s.
Tas
k B
was
to
dev
eio
p a
n i
nve
nto
ry
of
Tand
use
and
Tand
pra
cti
ces
with
pro
jec
tio
ns
of
tre
nds
to
2020
.
Task
C w
as
to
con
duc
t
int
ens
ive
stud
ies
of
a n
umb
er
of
rep
res
ent
ati
ve
wat
ers
hed
s i
n t
he
Gre
at
Lak
es
Bas
in
to
reT
ate
con
dit
ion
s t
here
to
spe
cif
ic
Tand
uses
and
pra
cti
ces
.
Task
D wa
s t
o d
iag
nos
e t
he
deg
ree
of
wat
er
qua
iit
y i
mpa
irm
ent
in t
he G
reat
Lake
s an
d to
asse
ss t
he c
once
ntra
tion
of c
onta
mina
nts
in
sedi
ment
s, f
ish
and
othe
r aq
uati
c r
esou
rces
. T
he p
ropo
sed
sche
duie
and
des
cri
pti
on
of
act
ivi
tie
s,
par
tic
ipa
tin
g a
gen
cie
s a
nd
cos
ts
were
aTso
included in the report.
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International Reference Group on Great Lakes Pollution from Land Use
Activities. Supplement to the Detailed Study Plan to Assess Great Lakes
 
Pollution from Land Use Activities. Submitted to the Great Lakes Water
Quality Board, International Joint Commission. August 1976, 119 pp.
Summary
The detailed Study Plan for the International Joint Commission's
Pollution from Land Use Activities Reference Group was published in
February 1974. Since that time the study participants have gained a
better understanding of the specific requirements needed to meet the
request of the IJC to assess the degree of impairment of water quality
from land use activities in the Great Lakes system and to identify the
sources of this pollution and recommend practicable remedial measures.
While there have been no major shifts in emphasis in the study, many
refinements of the original study plan have beenmade. This supplement to
the s
tudy
plan
cover
s tho
se re
finem
ents
and e
xpans
ions.
Thus,
a ful
l
'
unde
rsta
ndin
g of
the
work
bein
g ca
rrie
d ou
t un
der
the
PLUA
RG p
rogr
am c
an
i
be gained from the February 1974 plan and this supplement. 3
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Coote, D.R. et_al, Detaiied PTan for the Study of Agricuiturai Watersheds
in the Great Lakes Drainage Basin — Canada) 1974-1975. Prepared by PLUARG
Task Group C (Canadian Section) Technicai Committee, AgricuTturaT
Subcommittee. February 1974, 54 pp.
Sunmary
An Agricuiturai Subcommittee was formed to prepare and impiement a
study pTan to integrate the requirements of an agriculturai study with
those of the other Task C areas of interest.
Pians for a two-phase study were deveioped. The first phase wouid
consist of the coiiection and anaiysis of data obtained by sampiing and
gauging from fifteen to twenty seiected watersheds at their outiets. The
second phase wouid consist of detaiied studies of either individuai
poiiutants or of individuai Tand uses associated with agricuiture. It was
assumed that Tess than one-half of the Originai watersheds wouid need to
have detaiied studies conducted within them, and that the resuTts of the
preiiminary phase wouid enabie a rationai selection of parameters and
sites for inciusion in the detaiied phase of the study.
This report describes the approach to the selection of agricuiturai
watersheds and the progress with preparation of required information. The
pian for impiementation of the preiiminary phase of the study with a
proposed scheduie of activities is incTuded.
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Commission. Menomonee River Pilot Watershed Study, Work Plan.
(Unpublished). Submitted to the Pollution from Land Use Activities
Reference Group and the U.S. Environmental Protection Agency. September
1974, 44 pp.
 
Sumnary
The Menomonee River watershed has been selected for the study of the
effects of urban-residential land uses undergoing rapid change. The
overall objective of the Menomonee River watershed study is to investigate
the effects of land drainage on the pollutional input to Lake Michigan and
to develop a predictive capacity with respect to the sources, forms and
amounts of pollutants reaching Lake Michigan.
e
m
-
The specific objectives of the Menomonee River watershed study are:
 
a) to determine the levels and quantities of major and trace ;
constituents including, but not limited to, nutrients,
pesticides and sediment reaching or moving in flow systems
likely to affect the quality of Lake Michigan water;
b) to define the sources and evaluate the behavior of pollutants f
from an urban land use setting with particular emphasis on the '
impact of residential and industrial areas including utility *
facilities, transportational, recreational, agricultural and
constructional activities associated with rapid urbanization and |
c) to develop the predictive capability necessary to facilitate
extension of the findings from the Menomonee River watershed
study to other urban settings leading to an eventual goal of
integrating pollutional inputs from urban sources to the entire
Great Lakes Basin.
Activities and decisions made in meeting the specific objectives of the
Wenomonee River watershed study will be carried out in such a manner as to
interface effectively with objectives of Task D. Also included in this report
are details of the study plan.
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(Unpublished).
Toronto,
Ontario.
October
1975,
130
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Summary
The
purpose
of
this
Work
Plan
is
to
provide
the
working
details
for
the
PLUARG
studies
(or
parts
of
studies)
in
which
the
Ontario
Ministry
of
the
Environment
(MOE)
is
involved
under
Task
C.
Discussed
in
this
Work
Plan are:
Activity 1
Activity
1
relates
to
agricultural
watersheds
and
is
a
cooperative
study
between
Agriculture
Canada
(CDA),
Ontario
Ministry
of
Agriculture
and
Food
(OMAF)
and
the
Ontario Ministry
of
the
Environment
(MOE).
The
PLUARG
3 Detailed Stud Plan described the overall objective of
. e agricu ura s udies.
} Activity 3
Activity 3 involves the study of urban land development
and use,
transportation
and utility
systems,
sanitary
9
landfills,
processed organic
waste
disposal,
waste
water
lagoons
and
irrigation
systems,
landfill,
.
extractive
industries, private waste disposal
and
. recreational land use.
 
Activity 4
Activity 4 is primarily a monitoring program which
consists of two functions - an extensive surveillance
network and an intensive studies program.
This Work Plan emphasizes the collection of water quantity and
quality data.
It is hoped that the information contained herein will
serve as a useful guide for other investigators involved in the PLUARG
studies.
Detailed information on the individual studies is contained in
the Appendices and cited references. Revisions to the Work Plan may be
necessary as the study progresses and required changes are identified.
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Agriculture Canada, Ontario Ministry of Agriculture and Food and Ontario
Ministry of the Environment. A ricultural Watershed Studies Great Lakes
Drainage Basin, Canada; Detailea Study Plan, 1973-I§76. (Unpublished).
Prepared for the International Reference Group on Great Lakes Pollution
from Land Use Activities, Task Group C (Canadian Section) Activity I.
October 1975, 123 pp.
Summary
Project No.
C
O
N
O
'
I
O
S
U
'
I
-
h
w
a
-
I
w
)
10
12
13
14
15
16
17
18
19A
193
20
21
22
Title
Co-ordination, Data Handling and Transfer
Stream Flow Quantity (formerly project 3)
Stream Flow Quality - (A) Routine Water and
Sediment Quality (formerly project 4)
Stream Flow Quality (B) Pesticides
Land Use Information
Precipitation-Quantity (formerly project 2)
Precipitation-Chemical Characteristics (formerly
project 6)
Soil Survey
Nature and Enrichment of Sediments in
Agricultural Watersheds: A Mineralogical and
Physical Characterization
Agricultural Sources, Transport and Storage of
Heavy Metals
Sources of Nutrients and Heavy Metals in Hillman
Creek
Physical Properties of the Soils of Agricultural
Watersheds 1 and 13 Which Control Moisture
Storage and Transport
Mathematical Model of Nitrogen Transport in the
Agricultural Watershed Soils
Studies of Agricultural Pollution of Groundwater
and its Influence on Stream Water Quality in Two
Agricultural Watersheds
Hydrologic Model
Erosional Losses from Agricultural Land
Sediment Delivery Ratios in Small Agricultural
Watersheds
Contribution of Phosphorus from Agricultural Land
to Streams by Surface Runoff
Nitrogen Transport and Transformations in Two
Branches of Canagague Creek
Secondary Production and Organic Drift of
Nutrients in Two Branches of Canagague Creek
Effect of Livestock Activities on Surface Water
Quality
Feedlot and Manure Storage Runoff
Pollutant Transport to SubSurface and Surface
Waters in an Integrated Farm Operation.
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